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.1. 

APPARATUS AND MET HOD F OR GATING DAT A ON A CONTRO L 
CH ANNEL IN A CDMA COM MU NICATION SYSTEM 

BAC KGROUND OF THE INVENT ION 

5 

1 . Field of the Inv ention 

The present invention relates generally to a data communication apparatus 
and method for a CDMA communication system, and in particular, to an apparatus 
10 and method for gating data according to whether there is data to transmit. 

2. Description of the Relat ed Art 

Conventional CDMA (Code Division Multiple Access) mobile 
15 communication systems primarily provide voice service. However, future CDMA 
mobile communication systems will support the IMT-2000 standard, which can 
provide high-speed data service as well as voice service. More specifically, the IMT- 
2000 standard can provide high-quality voice service, moving picture service, 
Internet search service, etc. During data service, IMT-2000 mobile communication 
20 systems transmits traffic data over a data channel and transmits control data over a 
control channel in serial or in parallel with the traffic data. Here, "traffic data" 
includes voice, picture and packet data, and "control data" includes control and 
signaling data related to transmission of the traffic data. 

25 In a mobile communication system, data communication is typically 

characterized by bursts of data transmissions alternating with long periods of non- 
transmission. The bursts of data are referred to as "packets" or "packages" of data. 
In the conventional mobile communication system, the base station and the mobile 
station continuously transmit data on the control channel for a predefined time even 

30 when there is no traffic data to transmit. That is, the base station and the mobile 
station continuously transmit data on the control channel even for the time period 
where there is no traffic data to transmit, even though this has a deleterious effect on 
the limited radio resources, base station capacity, power consumption of the mobile 
station, and interference. This continuous transmission is done in order to minimize 

35 the time delay due to sync reacquisition when there is new traffic data to transmit. If 
there is no data to transmit for a predefined time, the base station and the mobile 
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station release the data channel and the control channel. In this state, if there is new 
data to transmit, the base station and the mobile station establish new data channel 
and control channel. 

5 The IMT-2000 mobile communication system standard defines many states 

according to channel assignment circumstances and state information 
existence/nonexistence in order to provide packet data service as well as voice 
service. For example, a state transition diagram for a cell connected state, a radio 
bearer activated substate (or RBA mode) and a radio bearer suspended substate (or 
10 RBS mode) are well defined in 3 GPP RAN TS S2 series S2.03, 99. 04. 

FIG. 1A shows state transition in the cell connected state of the 
conventional mobile communication system. Referring to FIG. 1A, the cell 
connected state includes a paging channel (PCII) state, a random access channel 
15 (RACH)/downlink shared channel (DSCH) state, a RACH/forward link access 
channel (FACH) state, and a dedicated channel (DCH)/DCH(Dedicated Channel), 
DCH/DCH+DSCH, DCH/DSCH+DSCH Ctrl (Control Channel) state. 

FIG. IB shows a radio bearer activated substate (i.e., RBA mode) and a 
20 radio bearer suspended substate (i.e., RBS mode) within the DCH/DCH, 
DCH/DCH+DSCH, DCH/DSCH+DSCH Ctrl state. 

In many cases, data transmission is performed intermittently, such as for 
Internet access and file downloading. Therefore, there occurs a non-transmission 
25 period between transmissions of packet data. During this period, the conventional 
data transmission method releases or continuously maintains the data channel. If the 
dedicated data channel is released, reconnecting the channel requires a long period 
of time, making it difficult to provide a corresponding service in real time. On the 
other hand, if the dedicated data channel is maintained, channel resources are wasted. 

30 

The downlink (or forward link), which transmits signals from the base 
station to the mobile station, includes the following physical channels. Physical 
channels which depart from the scope of the invention will not be described for the 
sake of simplicity. The downlink physical channels involved in the invention include 
35 a dedicated physical control channel (hereinafter, referred to as DPCCH) in which 
pilot symbols are included for sync acquisition and channel estimation, a dedicated 
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physical data channel (hereinafter, referred to as DPDCH) for exchanging traffic 
data with a specific mobile station, and a down link shared channel(DSCH) for 
transmitting traffic data to multiple mobile stations. The downlink DPDCH includes 
the traffic data, and the downlink DPCCH includes, at each slot, the control data 
5 such as transport format combination indicator (hereinafter, referred to as TFCI), 
transmit power control (hereinafter, referred to as TPC) information and pilot 
symbols, which are time multiplexed within one slot. The uplink (or reverse link), 
which transmits signals from the mobile station to the base station, also has an 
uplink dedicated control channel and dedicated data channel. 

10 

Embodiments of the present invention will be described with reference to 
the case where the frame length is 10msec and each frame includes 16 slots, i.e., 
each slot has a length of 0.625msec. Alternatively, embodiments of the present 
invention will also be described with reference to another case where the frame 

15 length is 10msec and each frame includes 15 slots, i.e., each slot has a length of 
0.667msec. The slot may have either the same length as a power control group 
(PCG) or a different length from the power control group. It will be assumed herein 
that the power control group (0.625msec or 0.667msec) has the same time period as 
the slot (0.625msec or 0.667msec). The slot includes pilot symbol, traffic data, 

20 transport format combination indicator, and power control command bit. The values 
stated above are given by way of example only. 

FIG. 2A shows a slot structure including the downlink DPDCH and DPCCH. 
In FIG 2 A, although the DPDCH is divided into traffic data 1 (Datal) and traffic 

25 data 2 (Data2), there is a case where traffic data 1 does not exist and only traffic data 
2 exists according to the types of the traffic data. In FIG. 2A, the DPCCH is 
constructed in the order of TFCI, TPC, and PILOT. Table 1 below shows the 
symbols constituting the downlink DPDCH/DPCCH fields, wherein the number of 
TFCI, TPC and pilot bits in each slot can vary according to a data rate and a 

30 spreading factor (SF), 

Unlike the downlink DPDCH and DPCCH, uplink DPDCH and DPCCH for 
transmitting signals from the mobile station to the base station are separated by 
independent channel separation codes. 

35 

FIG. 2B shows a slot structure including the uplink DPDCH and DPCCH, 
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wherein reference numeral 211 indicates a slot structure of the DPDCH and 
reference numeral 213 indicates a slot structure of the DPCCH. In FIG. 2B, with 
regard to the DPCCH, the number of TFCI, TPC and pilot bits can vary according to 
the service option (including the type of the traffic data and the transmit antenna 
diversity) or a handover circumstance. Tables 2 and 3 below show the symbols 
constituting the uplink DPDCH and DPCCH fields, respectively. 



[Table 1] Downlink DPDCH/DPCCH Fields 



Channel 
(kbps) 


Channel 
Symbol 
Rate 
(ksps) 


SF 


Bits/Frame 


Bits/Slo: 


DPDCH 
Bits/Slot 


DPCCH 
Bits/Slot 








DPDCH 


DPCCH 


TOT ; 


Nd„.i 










16 


8 


512 




96 


160 10 


2 


2 


0 


2 




16 


8 


512 


32 


128 


160 10 


0 


2 


2 






32 


16 


256 


160 


160 


320 


20 


2 


8 


0 


2 


8 


32 


16 


256 


128 


192 


320 


20 


0 


8 


2 


2 


8 


64 


32 


128 


480 


160 


640 


40 




24 




2 






32 


128 


448 


192 


640 


40 




24 


2 


2 




128 


64 


64 


1120 




1280 


80 




56 


0 


2 




128 


64 


64 


992 




1280 


80 


6 


56 


8 




8 


256 


128 


32 


2400 


160 


2560 


160 


30 


120 




2 


8 


256 


128 


32 


2272 


288 


2560 


160 


22 


120 






3 


512 


256 


16 


4832 


288 


5120 


320 


62 


240 




2 


16 


512 


256 


16 


4704 


416 


5120 


320 


54 


240 




2 


16 


1024 


312 


8 


9952 


288 


102i0 


640 


126 


iv6 


0 


2 


16 


1024 


512 


8 


9824 


416 


10240 


640 


118 


496 


8 


2 


16 


2048 


1024 


4 


20192 
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[Table 2] Uplink DPDCH Fields 
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_!6 16 256 160 10 7 2 1) T 

_16 16 256 160 10 "6 2 0 2 

J6 16 256 160 10 5 ~j 2 2 



Tables 1 to 3 show an example where there exists one DPDCH which is a 
traffic channel. However, there may exist second, third and fourth DPDCHs 
according to the service types. Further, the downlink and uplink both may include 
5 several DPDCHs. Although the base station transmitter and the mobile station 
transmitter will be described with reference to the case where there exist three 
DPDCHs, the number of DPDCHs is not limited. 

FIG. 3A shows a structure of the conventional base station transmitter. 

10 Referring to FIG. 3A, multipliers 111, 121, 131 and 132 multiply outputs of DPCCH, 
DPDCH,(or DSCH), DPDCH 2 and DPDCH 3 data generators 101, 102, 103 and 104, 
which have undergone channel encoding and interleaving, by their associated gain 
coefficients G l5 G 2 , G 3 and G 4 , respectively. The gain coefficients G u G 2 , G 3 and G 4 
may have different values according to circumstances such as the service option and 

15 the handover, A multiplexer (MUX) 112 time-multiplexes the DPCCH signal and 
the DPDCH, signal into the slot structure of FIG. 2 A. A first serial-to-parallel (S/P) 
converter 113 distributes the output of the multiplexer 112 to an I channel and a Q 
channel. Second and third S/P converters 133 and 134 S/P-convert the DPDCH 2 and 
DPDCH 3 signals and distribute them to the I channel and the Q channel, respectively. 

20 

The S/P-converted I and Q channel signals are multiplied by channelization codes 
C chl , C ch2 and C ch3 in multipliers 114, 122, 135, 136, 137 and 138, for spreading and 
channel separation. Orthogonal codes are used for the channelization codes. The I 
and Q channel signals multiplied by the channelization codes in the multipliers 114, 

25 122, 135, 136, 137 and 138 are summed by first and second summers 115 and 123, 
respectively. That is, the I channel signals are summed by the first summer 115, and 
the Q channel signals are summed by the second summer 123. The output of the 
second summer 123 is phase shifted by 90° by a phase shifter 124. A summer 116 
sums an output of the first summer 115 and an output of the phase shifter 124 to 

30 generate a complex signal I+jQ. A multiplier 117 scrambles the complex signal with 
a PN sequence C scramb which is uniquely assigned to each base station, and a signal 
separator 118 separates the scrambled signal into a real part and an imaginary part 
and distributes them to the I channel and the Q channel. The I and Q channel outputs 
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of the signal separator 118 are filtered by lowpass filters 119 and 125, respectively, 
to generate bandwidth-limited signals. The output signals of the filters 119 and 125 
are multiplied by carriers cos{27if c t} and sin{27if c t} in multipliers 120 and 126, 
respectively, to frequency-up convert the signals to a radio frequency (RF) band. A 
5 adder 127 sums the frequency-shifted I and Q channel signals. 

FIG. 3B shows a structure of the conventional mobile station transmitter. 
Referring to FIG. 3B, multipliers 211, 221, 223 and 225 multiply outputs of DPCCH, 
DPDCH,, DPDCH 2 and DPDCH 3 data generators 201, 202, 203 and 204, which 

10 have undergone channel encoding and interleaving, by their associated 
channelization codes C ch] , C ch2 , C ch3 and C ch4 , respectively, for spreading and channel 
separation. Orthogonal codes are used for the channelization codes. The output 
signals of the multipliers 211, 221, 223 and 225 are multiplied by their associated 
gain coefficients G„ G 2 , G 3 and G 4 in multipliers 212, 222, 224 and 226, 

1 5 respectively. The gain coefficients G, , G 2 , G 3 and G 4 may have different values. 

The outputs of the multipliers 212 and 222 are summed by a first summer 
213 and output as an I channel signal, and the outputs of the multipliers 224 and 226 
are summed by a second summer 227 and output as a Q channel signal. The Q 

20 channel signal output from the second summer 227 is phase shifted by 90° in a 
phase shifter 228. A summer 214 sums the output of the first summer 213 and the 
output of the phase shifter 228 to generate a complex signal I+jQ. A multiplier 215 
scrambles the complex signal with a PN sequence C scramb which is uniquely assigned 
to the mobile station, and a signal separator 229 separates the scrambled signal into 

25 a real part and an imaginary part and distributes them to the I channel and the Q 
channel. The I and Q channel outputs of the signal separator 229 are filtered by 
lowpass filters 216 and 230, respectively, to generate bandwidth -limited signals, The 
output signals of the filters 216 and 230 are multiplied by carriers cos{27if c t} and 
sin {271^} in multipliers 217 and 231, respectively, to frequency-up convert the 

30 signals to a radio frequency (RF) band. A adder 218 sums the frequency-up- 
converted I and Q channel signals. 

FIG. 4A shows a conventional method of transmitting the downlink DPCCH 
and the uplink DPCCH in the RBS mode when transmission of the uplink DPDCH 
35 is discontinued. FIG. 4B shows a conventional method of transmitting the downlink 



WO 01/26269 



PCI7KR00/01100 



-7- 

DPCCH and the uplink DPCCH in the RBS mode when transmission of the 
downlink DPDCH is discontinued. 

As illustrated in FIGS. 4 A and 4B, the mobile station constantly transmits 
5 the uplink DPCCH in the RBS mode in order to avoid a resynchronization 
acquisition process in the base station. When there is no traffic data to transmit for a 
long time in the RBS mode, the base station and the mobile station make a transition 
to an RRC (Radio Resource Control) connection released state. In this state, 
transmission of the uplink DPDCH is discontinued, but the mobile station transmits 
10 pilot symbols and TPC (Transmit Power Control) bits over the DPCCH until the 
transition is completed, thereby there is an unnecessary interference in the uplink. 
The interference of the uplink causes a decrease in the capacity of the uplink. 

In the conventional method, although continuous transmission of the uplink 
15 DPCCH is advantageous in that it is possible to avoid the sync reacquisition process 
in the base station, it increases interference to the uplink, causing a decrease in the 
capacity of the uplink. Further, in the downlink, continuous transmission of the 
uplink transmission power control(TPC) bits causes an interference of the downlink 
and a decrease in the capacity of the downlink, Therefore, it is necessary to 
20 minimize the time required for the sync reacquisition process in the base station, to 
minimize the interference due to transmission of the uplink DPCCH signal and to 
minimize the interference due to transmission of the uplink transmission power 
control(TPC) bits over the downlink. 

25 SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide an apparatus 
and method for transmitting on and off a DPCCH signal when there is no traffic 
data(user data or signaling message) to transmit over a data channel for a predefined 
30 time in a mobile communication system. 

It is another object of the present invention to provide an apparatus and 
method for gating slot data on the DPCCH in an irregular pattern when there is no 
traffic data to transmit over the data channel for a predefined time in a mobile 
35 communication system. 
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It is further another object of the present invention to provide an apparatus 
and method for performing a gated transmission procedure when there is no traffic 
data to transmit over the data channel for a predefined time, and randomly gating a 
given slot in a gating slot group unit set during the gated transmission procedure, in 
5 a mobile communication system. 

It is yet another object of the present invention to provide an apparatus and 
method in which a base station performs a gated transmission procedure when there 
is no traffic data to transmit over the data channel for a predefined time, and 
10 randomly gates a given slot in a gating slot group unit set during the gated 
transmission procedure, in a mobile communication system. 

It is still another object of the present invention to provide an apparatus and 
method in which a mobile station performs a gated transmission procedure upon 
15 receipt of a message for performing the gated transmission procedure from a base 
station, and randomly gates a given slot in a gating slot group unit set during the 
gated transmission procedure, in a mobile communication system. 

It is still another object of the present invention to provide an apparatus and 
20 method for performing a gated transmission procedure when there is no traffic data 
to transmit over the data channel for a predefined time, and randomly gating a given 
slot in a gating slot group unit set as a connected frame number during the gated 
transmission procedure, in a mobile communication system. 

25 It is still another object of the present invention to provide an apparatus and 

method for gating slot data on a DPCCH by transmitting a pilot symbol of a slot 
located before gated on slot and transmitting TFCI and TPC of the gated on slot, in a 
mobile communication system. 

30 It is still another object of the present invention to provide an apparatus and 

method for controlling transmission power of control data using power control 
information while gating data on the DPCCH, in a mobile communication system. 

To achieve the above and other objects, there is provided a method for 
35 transmitting control data on a downlink channel in a base station for a mobile 
communication system. The base station determines whether there is downlink data 
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channel data to transmit to a mobile station. If there is no data to be transmitted over 
the downlink data channel(DCH or DSCH) for a predetermined time, the base 
station drives a random position selector to determine a gating slot position, gating 
on the control data in the determined slot position, and gating off the control data in 
5 other positions. All channel data is organized into a stream of frames, each frame 
includes a plurality of slots, the slots in each frame are divided into a plurality of 
gating slot groups, and the determined slot position is a randomized slot position in 
each gating slot group. 

10 Preferably, the random position selector determines the gating slot position 

by calculating a value x by multiplying a system frame number (SFN) of a received 
signal by a specific integer; selecting n bits in a position which is at an x-chip 
distance from a start point of a corresponding Gold code before a plurality of gating 
durations used in generating a downlink signal; and determining a gating slot 

15 position of a corresponding gating slot group by performing a modulo operation by 
the number of the slots constituting the gating slot group on the selected bits. 

BRIEF DESCRIPTION OF THE DRAW INGS 

20 The above and other objects, features and advantages of the present 

invention will become more apparent from the following detailed description when 
taken in conjunction with the accompanying drawings in which: 

FIG. 1 A is a conventional state transition diagram for a packet data service; 
FIG. IB is a conventional state transition diagram between a RBA mode and 
25 a RBS mode of the DCH/DCH state; 

FIG. 2A is a diagram illustrating a slot structure of downlink DPDCH and 
DPCCH in a CDMA communication system; 

FIG. 2B is a diagram illustrating a slot structure of uplink DPDCH and 
DPCCH in a CDMA communication system; 
30 FIG. 3A is a diagram illustrating a structure of a conventional base station 

transmitter in a CDMA communication system; 

FIG. 3B is a diagram illustrating a structure of a conventional mobile station 
transmitter in a CDMA communication system; 

FIG. 4A is a diagram illustrating a conventional method of transmitting a 
35 downlink DPCCH and an uplink DPCCH when transmission of an uplink DPDCH is 
discontinued in the RBS mode in a CDMA communication system; 
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FIG. 4B is a diagram illustrating a conventional method of transmitting the 
downlink DPCCH and the uplink DPCCH when transmission of a downlink 
DPDCH is discontinued in the RBS mode in a CDMA communication system; 

FIG. 5A is a diagram illustrating a structure of a base station transmitter for 
5 gating data on the DPCCH according to an embodiment of the present invention; 

FIG. 5B is a diagram illustrating a structure of a mobile station transmitter 
for gating data on the DPDCH according to an embodiment of the present invention; 

FIG. 5C is a diagram illustrating a structure of a base station transmitter 
with a gating position selector, for gating data on the DPDCH according to an 
1 0 embodiment of the present invention; 

FIG. 5D is a diagram illustrating a structure of a mobile station transmitter 
with a gating position selector, for gating data on the DPDCH according to an 
embodiment of the present invention; 

FIG. 6A is a diagram illustrating a method for transmitting a signal 
15 according to a regular or gated transmission pattern for an uplink DPCCH in the 
RBS mode according to an embodiment of the present invention; 

FIG. 6B is a diagram illustrating another method for transmitting a signal 
according to a regular or gated transmission pattern for an uplink DPCCH in the 
RBS mode according to an embodiment of the present invention; 
20 FIG. 7A is a diagram illustrating a method for transmitting a signal when an 

uplink DPDCH message is generated while gating an uplink DPCCH in the RBS 
mode according to an embodiment of the present invention; 

FIG. 7B is a diagram illustrating another method for transmitting a signal 
when an uplink DPDCH message is generated while gating an uplink DPCCH in the 
25 RBS mode according to an embodiment of the present invention; 

FIG. 8A is a diagram illustrating a method for transmitting downlink and 
uplink signals when transmission of a downlink DPDCH is discontinued according 
to an embodiment of the present invention; 

FIG. 8B is a diagram illustrating a method for transmitting downlink and 
30 uplink signals when transmission of an uplink DPDCH is discontinued according to 
an embodiment of the present invention; 

FIG. 8C is a diagram illustrating another method for transmitting downlink 
and uplink signals when transmission of the downlink DPDCH is discontinued 
according to an embodiment of the present invention; 
35 FIG. 8D is a diagram illustrating another method for transmitting downlink 

and uplink signals when transmission of the uplink DPDCH is discontinued 
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according to an embodiment of the present invention; 

FIG. 9A is a diagram illustrating a method for transmitting downlink and 
uplink signals when transmission of a downlink DPDCH is discontinued (gated 
transmission for the downlink DPCCH) according to an embodiment of the present 
5 invention; 

FIG. 9B is a diagram illustrating a method for transmitting downlink and 
uplink signals when transmission of an uplink DPDCH is discontinued (gated 
transmission for downlink DPCCH) according to an embodiment of the present 
invention; 

10 FIG. 1 OA is a diagram illustrating a structure of a base station transmitter 

according to another embodiment of the present invention; 

FIG. 1 OB is a diagram illustrating a structure of a mobile station transmitter 
according to another embodiment of the present invention; 

FIG. 11 A is a diagram illustrating gated transmission for downlink and 
1 5 uplink DPCCHs according to a first embodiment of the present invention; 

FIG. 11B is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to a second embodiment of the present invention; 

FIG. 11C is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to a third embodiment of the present invention; 
20 FIG. 11D is a diagram illustrating gated transmission for downlink and 

uplink DPCCHs according to a fourth embodiment of the present invention; 

FIGS. 12A and 12B are diagrams illustrating gated transmission for 
downlink and uplink DPCCHs according to a fifth embodiment of the present 
invention; 

25 FIG. 12C is a diagram illustrating gated transmission for downlink and 

uplink DPCCHs according to a sixth embodiment of the present invention; 

FIG. 12D is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to a seventh embodiment of the present invention; 

FIG. 12E is a diagram illustrating gated transmission for downlink and 
30 uplink DPCCHs according to an eighth embodiment of the present invention; 

FIG. 13A is a diagram illustrating a method for determining a position 
selection bit during gated transmission of the downlink and uplink DPCCHs 
according to the first embodiment of the present invention; 

FIG. 13B is a diagram illustrating a method for determining a position 
35 selection bit during gated transmission of the downlink and uplink DPCCHs 
according to the second embodiment of the present invention; 
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FIG. 13C is a diagram illustrating a method for determining a position 
selection bit during gated transmission of the downlink and uplink DPCCHs 
according to the third embodiment of the present invention; 

FIG. 13D is a diagram illustrating a method for determining a position 
5 selection bit during gated transmission of the downlink and uplink DPCCHs 
according to the fourth embodiment of the present invention; 

FIG. 14A is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to a ninth embodiment of the present invention; 

FIG. 14B is a diagram illustrating gated transmission for downlink and 
1 0 uplink DPCCHs according to a tenth embodiment of the present invention; 

FIG. 14C is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to an eleventh embodiment of the present invention; 

FIG. 14D is a diagram illustrating gated transmission for downlink and 
uplink DPCCHs according to a twelfth embodiment of the present invention; 
15 FIG. 15 A is a diagram illustrating a method for extracting a partial sequence 

required to generate a gated transmission pattern from an uplink scrambling code 
according to an embodiment of the present invention; 

FIG. 15B is a diagram illustrating a method for extracting an n-bit sequence 
required to generate a gated transmission pattern from a fixed sequence according to 
20 an embodiment of the present invention; 

FIG. 16 is a diagram illustrating a structure of a gating position selector for 
selecting a gating position by using the uplink scrambling code of FIG. 15A and the 
fixed sequence of FIG. 15B together with CFN according to an embodiment of the 
present invention; 

25 FIG. 17A is a diagram illustrating a power control time relationship when 

1/3 rate gating is applied to both the downlink and the uplink according to an 
embodiment of the present invention; 

FIG. 17B is a diagram illustrating a power control time relationship when 
1/5 rate gating is applied to both the downlink and the uplink according to an 
30 embodiment of the present invention; 

FIG. ISA is a diagram illustrating a power control time relationship when 
1/3 rate gating is applied to only the downlink according to an embodiment of the 
present invention; and 

FIG. 18B is a diagram illustrating a power control time relationship when 
35 1/5 rate gating is applied to only the downlink according to an embodiment of the 
present invention. 
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D ETAILEP DESCRIPTION OF THE PRE FERRED EMBODIM ENT 

A preferred embodiment of the present invention will be described herein 
5 below with reference to the accompanying drawings. In the following description, 
well-known functions or constructions are not described in detail since they would 
obscure the invention in unnecessary detail. 

The term "normal transmission" as used herein refers to continuously 

10 transmitting TFCI, TPC and pilot symbol included in the downlink or uplink 
DPCCH. Further, the term "gated transmission" refers to transmitting TFCI, TPC 
and pilot symbol included in the downlink or uplink DPCCH, only at a specific 
power control group (or slot) according to a predetermined pattern, or refer to gated 
on transmission of a DPCCH signal only at a pilot symbol of a slot located before 

15 gated on slot and TFCI and TPC of the gated on slot according to a predetermined 
gated on pattern. The information, transmission of which is discontinued in the 
downlink DPCCH during gated transmission, may include either all or some of the 
TFCI, TPC and pilot symbol in one power control group (or slot). In addition, the 
term "gating position selection" as used herein refers to selecting a position of a slot 

20 for transmitting data on the DPCCH during gated transmission, and "gating 
position" refers to the slot selected for transmitting the control data. Further, the 
term "control data" as used herein refers to a DPCCH signal, and the term "traffic 
data" refers to signaling data and/or user data which is transmitted in bursts between 
the base station and the mobile station. TFCI, TPC, FBI(Feedback Indicator) and 

25 pilot symbol are included in the "control data". Although the invention will be 
described with reference to an example of gating data on the DPCCH, the gated 
transmission method according to the present invention can also be applied to the 
case of gating control data on any other channel which periodically transmits control 
data. 

30 

The gated transmission operation, which will be described later, can be 
applied to either the case when the gated transmission unit is equal to the slot unit, 
or the case when the gated transmission unit is not equal to the slot unit. When the 
gated transmission unit is not equal to the slot unit, it is preferable to gate TPC, 
35 TFCI and pilot symbol differently. That is, an nth pilot symbol and (n+l)th TFCI 
and TPC are set as a gated transmission unit. 
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In addition, since performance at the beginning of a frame is very important, 
the preferred embodiments of the present invention locate the TPC, which is for 
controlling the power of the first slot of the next frame, at the last slot of one frame. 
5 That is, TPC bits for the downlink DPCCH and the uplink DPCCH are located at the 
last slot of the nth frame, and power of the first slot of the (n+l)th frame is 
controlled using the TPC bits existing at the last slot of the nth frame. 

In an exemplary embodiment of the present invention, when the mobile 
10 communication system performs gated transmission, the base station and the mobile 
station determine positions of the gating slots according to either a predetermined 
regular pattern, or an irregular pattern determined by setting given slots in a gating 
slot group as gating positions using the System Frame Number (SFN) and the 
Connection Frame Number (CFN). Further, in the mobile communication system, a 
15 DPDCH and one frame of the DPDCH can be comprised of a plurality of slots. In 
the various embodiments of the present invention, one frame can be comprised of 15 
or 16 slots, and the invention will be described here for both cases. Below, the gated 
transmission operation performed in the regular pattern will be described with 
reference to the case where one frame is comprised of 16 slots, and the gated 
20 transmission performed in the irregular pattern will be described with reference to 
the case where one frame is comprised of 15 slots. 

The invention will be described focusing on the process of performing 1/3 
and 1/5 rate gated transmission on the downlink and uplink DPCCHs of FIGS. 2A 
25 and 2B. It is also possible to determine gating positions according to random 
patterns as shown in FIGS. 15A, 15B and 16. 

A hardware structure according to an embodiment of the invention will be 
described below. 

30 

FIG. 5A shows a structure of a base station transmitter according to an 
embodiment of the present invention. The base station transmitter is different from 
the conventional one of FIG. 3A in that with regard to the downlink DPCCH, the 
output of the multiplier 111 is gated by a gated transmission controller 141. That is, 
35 the gated transmission controller 141 performs gated transmission on a pilot symbol 
of one slot of the downlink DPCCH and TFCI and TPC bits of the next slot in a 
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pattern scheduled with the mobile station, when the traffic data to be transmitted 
over the downlink DPDCH is not generated for a predetermined time or when traffic 
data is not received over the uplink DPDCH for a predetermined time. In addition, 
the gated transmission controller 141 performs gated transmission on one power 
5 control group (or one entire slot) including the pilot symbols, TFCI and TPC bits for 
the downlink DPCCH at a power control group (or time slot) scheduled with the 
mobile station in the RBS mode where the traffic data is not transmitted over the 
downlink and uplink DPDCHs. 

10 When the downlink and uplink DPCCH signals are simultaneously gated, 

the downlink gating pattern is equal to the uplink gating pattern, but an offset may 
exist between them for efficient power control. The offset can be given as a system 
parameter or can be known by a message indicating the start of gated transmission. 
The gating start indication message is transmitted from the base station to the mobile 

15 station to indicate a start point of gated transmission and a gating rate, after traffic 
data to be transmitted over the DPDCH is not generated for a predetermined time. 
This message can also be transmitted from the mobile station to the base station. In 
addition, the base station can determine a gating start indication message in response 
to a gating request of the mobile station, and transmit the determined message to the 

20 mobile station. 

The gated transmission controller 141 can gate either the slot data on the 
DPCCH or the control data of multiple slots. One slot of the DPCCH is comprised 
of the control data such as pilot symbol, TFCI and TPC (in the mobile station, FBI is 

25 further included). During gated transmission, the gated transmission controller 141 
can gate the entire control data included in the slot of the gating position. As an 
alternative method, the gated transmission controller 141 can gate a pilot symbol of 
an nth slot duration located before an (n+l)th slot of the gating position, and TPC 
and TFCI bits of the (n+l)th slot. This embodiment of the present invention will be 

30 described with reference to the latter method. 

In addition, the gated transmission controller 141 locates the TPC bits at the 
last slot of one frame, where the TPC bits are for power controlling the first slot of 
the next frame in order to guarantee performance of the beginning part of the next 
35 frame. That is, the TPC bits for the downlink DPCCH and the uplink DPCCH are 
located at the last slot of the nth frame, and power of the first slot of the (n+l)th 



WO 01/26269 



PCT7KROO/01100 



-16- 

frame is controlled using the TPC bits existing at the last slot of the nth frame. 

When the mobile station performs gated transmission and the base station does not 
perform gated transmission, the base station transmitter determines a TPC (Transmit 
5 Power Control) bit by measuring the one DPCCH slot signal discontinuously 
transmitted from the mobile station and then transmits the determined TPC bit at 
every slot until the base station determines new TPC bit by measuring another up 
link DPCCH slot signal. 

10 FIG. 5B shows a structure of a mobile station transmitter according to an 

embodiment of the present invention. The mobile station transmitter is different 
from the conventional one of FIG. 3B in that a gated transmission controller 241 is 
provided to gate transmission of the uplink DPCCH. That is, the gated transmission 
controller 241 performs gated transmission on one poweT control group (or one 

15 entire slot) including the pilot symbols, TFCI, FBI and TPC bits for the uplink 
DPCCH at a power control group (or time slot) scheduled with the base station, 
when traffic data to be transmitted over the downlink and uplink data 
channels(DPDCH or DSCH) is not generated for a predetermined time or when 
traffic data to be transmitted over the uplink DPDCH is not generated for a 

20 predetermined time. 

Now, a description will be made of a transmission signal structure of the 
base station and the mobile station according to an embodiment of the present 
invention. 

25 

FIG. 6A shows a method for transmitting an uplink DPCCH signal 
according to a regular or gated transmission pattern when there is no data to be 
transmitted over the DPDCH for a predetermined period of time according to an 
embodiment of the present invention. In FIG. 6A, reference numerals 301, 302, 303 

30 and 304 show different gating rates according to duty cycles (hereinafter, referred to 
as DC). Herein, the "duty cycle" (or "DC") and the "gating rate" are used to refer to 
the same thing. Reference numeral 301 shows a conventional method for 
transmitting the uplink DPCCH without gating (DC=1), and reference numeral 302 
shows a method for regularly transmitting every other power control group (or time 

35 slot), when DC=l/2 (only 1/2 of all the slots in one frame are transmitted). 
Reference numeral 303 shows a method for regularly transmitting every fourth 
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slot(3rd, 7th, 11th and 15th slots), when DC=l/4 (only 1/4 of all the slots in one 
frame are transmitted). Reference numeral 304 shows a method for regularly 
transmitting every eighth slots (7th and 15th slots), when DOl/8 (only 1/8 of all the 
slots in one frame are transmitted). 

5 

In the embodiment of FIG. 6A, when DC=l/2 and 1/4, although the gated 
transmission controller 241 of the mobile station regularly gates the slots of the 
uplink DPCCH, it is also possible to gate arbitrary slots according to the 
corresponding DC. That is, when DC=l/2, it is also possible to continuously gate 

10 adjacent arbitrary slots according to an irregular pattern, rather than regularly 
transmitting every other slot. Further, when DC=l/2, it is also possible to 
continuously transmit half of all the slots at the second half (8th to 15th slots) of the 
frame. When DC=l/4, it is also possible to continuously transmit 1/4 of all the slots 
beginning at a 3/4 point of the frame (i.e., 12th to 15th slots). When DC=l/8, it is 

15 also possible to continuously transmit 1/8 of all the slots beginning at a 7/8 point of 
the frame (i.e., 14th to 15th slots). 

The gating rate can be varied during gated transmission. For this, the mobile 
station and the base station should know when and which gating rate they will use, 
20 so that it is necessary to transmit a message for this. The gating rate is determined at 
the start of gated transmission and preferably, not changed during the gated 
transmission. 

FIG. 6B shows a method for transmitting a signal according to a regular or 
25 gated transmission pattern for the uplink DPCCH according to another embodiment 
of the present invention. In FIG. 6B, reference numerals 305, 306 and 307 show 
different gating rates according to a ratio of a duty cycle DC. Reference numeral 305 
shows a method for transmitting two consecutive slots at regular locations (2 nd -3 rd , 
6 (h_ 7 th 10 th. n th md I4*_i5*h s l 0 t s ), when DC=l/2 (only 1/2 of all the slots in one 
30 frame are transmitted). Reference numeral 306 shows a method for transmitting two 
consecutive slots at regular locations (6*-T h and 14 lh -15 th slots), when DC=l/4 (only 
1/4 of all the slots in one frame are transmitted). Reference numeral 307 shows a 
method for transmitting two consecutive slots at regular locations (14 th - 15 th slots), 
when DC=l/8 (only 1/8 of all the slots in one frame are transmitted). 

35 

In the embodiment of FIG. 6B, when DC=l/2 and 1/4, although the gated 
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transmission controller 241 of the mobile station regularly gates the slots of the 
uplink DPCCH, it is also possible to gate arbitrary slots out of all the slots according 
to the corresponding DC. That is, when DC=l/2, it is also possible to continuously 
gate 4 consecutive slots (e.g., 2 T,d -5 th slots) according to an irregular pattern, rather 
5 than regularly transmitting every other 2 consecutive slots. 

Next, a description will be made of signal transmission diagrams of the base 
station and the mobile station according to another embodiment, in which the slot 
gating positions are selected such that a signal should be transmitted at one of 
10 consecutive three or five consecutive slots. The embodiment will be described for 
the gating rate of 1/3 or 1/5, in the case where one frame includes 15 slots (i.e. 
power control groups). 

FIG. 5C shows a structure of a base station transmitter with a gating position 
15 selector according to an embodiment of the present invention. The base station 
transmitter is different from that of FIG. 5 A in that the positions of the transmission 
slots for the downlink DPCCH are selected by a gating position selector 142. 

FIG. 5D shows a structure of a mobile station transmitter with a gating 
20 position selector according to an embodiment of the present invention. The base 
station transmitter is different from that of FIG. 5B in that the positions of the 
transmission slots for the uplink DPCCH are selected by a gating position selector 
242. 

25 Arranging the gating positions of the slots irregularly is to prevent 

electromagnetic wave-related bad effects due to the power of the regularly 
transmitted signals. In this embodiment, a scrambling code is used to irregularly 
gating the transmission signals. 

30 One method for selecting the gating positions of the gating slot is to use the 

system frame number (SFN) of a downlink signal immediately before transmission 
of an uplink signal, and a scrambling code generated to descramble a received 
downlink signal in the mobile station. The mobile station reads a code bits in a 
specific position of the scrambling code using the SFN of the downlink signal, and 

35 determines the gating slots using the read value. Since the SFN value of 0 to 71 is 
continuously transmitted over a broadcasting channel from the base station, the 
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mobile station can read the SFN by receiving data on the broadcasting channel. For 
the scrambling code, a secondary scrambling code or a primary scrambling code can 
be used. If the base station knows the gating position of the mobile station, it can 
exactly receive the data gated-on by the mobile station. Therefore, it is preferable 
5 that the gating position should be agreed between the transmission side and the 
receiving side. For this agreement, this embodiment uses a scrambling code with a 
random property, which is equally used by the base station and the mobile station, 
and the SFN for reducing the periodicity, thereby to determine a position of a slot to 
be gated. 

10 

The gating position controller 242(FIG. 5D) of the mobile station 
determines a position of the slot to be gated on by using a Gold code, which is a real 
part of a scrambling code generated internally to descramble a received signal, and 
the SFN of the received signal. When DC=l/3, the gating position controller 242 
15 selects one slot in an arbitrary position out of 3 slots (gating slot group), and when 
DC=l/5, the gating position controller 242 selects one slot in an arbitrary position 
out of 5 slots (gating slot group). Herein, the 3-slot duration for DC=l/3 and the 5- 
slot duration for DC=l/5 will be referred to as "gating duration" or "gating slot 
group". 

20 

A first method for randomly determining the slot to be gated on in a gating 
slot group unit according to an embodiment of the present invention is determined in 
the following order. FIGs 13 A, 13B, 14A, and 14B are related to this method 

25 1. A system frame number (SFN) 0 to 71 of a signal received immediately 

before transmission is multiplied by an integer between 1 and 35. Let the calculation 
result be 'x' ( 0 < x < 2485 ). 

2a. For DC=l/3, one bit of real part of scrambling code is selected in the 
30 position which is at an x-chip apart from the boundary of gating group , as shown in 
FIG. 13A.. The selected one bit can be used for determining the position of gating 
slot in the following gating slot group. That is, the position of gating slot in current 
gating slot group can be determined based on the one bit selected in the previous 
gating slot group 

35 
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2b. For DC=l/5, two bits of real part of scrambling code are selected in the 
position which is at an x-chip apart from the boundary of gating group, as shown in 
FIG. 13B. 

5 

3a. For DOl/3, the position of a gating slot to be transmitted is determined 
using the selected one bit. Since only one bit is used, the position is randomly 
selected between two slots determined by the agreement, out of three transmittable 
slot positions. 

10 

3b. For DOl/5, the position of a slot to be transmitted is determined using 
the selected two bits. Since the two bit are used, the positions are randomly selected 
among four slot positions determined by the agreement, out of five transmittable slot 
positions. 

15 

4. When the SFN is changed, the above procedure is performed again from 
step 1 with a new value. In this case, the integer value used in step 1 (ranges from 1 
to 35) is maintained. 

20 For the positions of the transmission gating slots of the downlink , the 

downlink gating pattern (or downlink gated transmission pattern) is equal to that of 
uplink. For efficient power control, however, a specific offset may exist between 
uplink and downlink gating-on slot. This offset is given as a system parameter. In 
addition, the downlink gating pattern can be determined using preset positions, 

25 regardless of the uplink gating pattern. 

FIG. 14A shows a method for selecting gating positions of the gating slot 
groups for DOl/3. The gating position controller 242 of the mobile station receives 
a scrambling code and SFN of the downlink signal, and selects one bit in the real 

30 part of the scrambling code. The selected one bit is utilized for determining the 
gating-on slot of the next gating slot group. In other words, the position of gating-on 
slot in current gating slot group is determined based on the one bit selected in the 
previous gating slot group. In general, the time difference in unit of slot between 
current gating slot group and the gating slot group from which the one bit is selected 

35 can be larger than one. Here, the base station transmits the downlink gating slot in 
the position which is a predetermined number of slots off from the position of the 
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gating slot received in the uplink. 

FIG. 14B shows a method for selecting gating positions of the gating slot 
groups for DC=l/5. The gating position controller 242 of the mobile station receives 
5 a scrambling code and SFN of the downlink signal, and selects two bits in the real 
part of the scrambling code. The selected two bits are utilized for determining the 
gating-on slot of the next gating slot group. In other words, the position of gating-on 
slot in current gating slot group is determined based on the two bits selected in the 
previous gating slot group. In general, the time difference in unit of slot between 
10 current gating slot group and the gating slot group from which the two bits are 
selected can be larger than one. Here, the base station transmits the downlink gating- 
on slot in the position which is a predetermined number of slots off from the position 
of the gating-on slot received in the uplink. 

15 When determining a location of real part of scrambling code, it is also 

possible to use the channelization code number for the downlink signal, which is 
uniquely applied to each mobile station, in addition to the SFN. Using the 
channelization code for the downlink signal is to prevent the downlink signals for 
the different mobile stations from transmitting the gating slots in the same time 

20 position. 

Another method for selecting the gating slot in a gating slot group is shown 
in FIGs 13C, 13D, 14C, and 14D. In this method, the gating positions are 
determined by performing modulo-3 or modulo-5 operation on the decimal value of 
25 N bits from specific portion of real part of scrambling code. 

A second method for randomly selecting an arbitrary slot in a gating slot 
group unit according to this embodiment of the present invention is determined in 
the following order. 

30 

1. A system frame number (SFN) 0 to 71 of a signal received immediately 
before transmission is multiplied by an integer between 1 and 35. Let the calculation 
result be V(0 < x < 2485 ). 



35 



2a. For DC=l/3, N bits of the real part of scrambling code are selected in the 
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position which is at an x-chip apart from the boundary of gating slot group, as 
shown in FIG 13C. The selected N bits can be used for determining the position of 
gating slot in the following gating slot group. That is, the position of gating slot in 
current gating slot group can be determined based on the N bits selected in the 
5 previous gating slot group. 

2b. For DC=l/5, N bits of the real part of scrambling code are selected in 
the position which is at an x-chip apart from the boundary of gating slot group, as 
shown in FIG 13D. The selected N bits can be used for determining the position of 
10 gating slot in the following gating slot group. That is, the position of gating slot in 
current gating slot group can be determined based on the N bits selected in the 
previous gating slot group. 

3a. For DOT/3, the position of a gating slot to be transmitted is determined 
15 using a value obtained by performing a modulo-3 operation on a decimal value 
corresponding to the selected N bits. Since the resulting value of the modulo-3 
operation is one of 0, 1 and 2, each value designates the position of an arbitrary slot 
in the gating duration (or gating slot group). 

20 3b. For DC=l/5, the position of a slot to be transmitted is determined using 

a value obtained by performing a modulo-5 operation on a decimal value 
corresponding to the selected N bits. Since the resulting value of the modulo-5 
operation is one of 0, 1, 2, 3 and 4, each value designates the position of an arbitrary 
slot in the gating gating slot group. 

25 

4. When the SFN is changed, the above procedure is performed again from 
step 1 with a new value of offset x. In this case, the integer value used in step 1 
(ranges from 1 to 35) is maintained. 

30 The gating slot position selecting method selects the gating position of the 

gating slot group using the real part of scrambling code and SFN which ranges from 
0 to 71. Therefore, the gating-on slot pattern has a period of 720msec. In order to 
make the period of gating-on pattern greater than 720msec, the x value can be 
changed whenever the SFN becomes a specific value. 

35 

FIG. 14C shows a method for selecting gating positions of the gating slot 
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groups for DC=l/3. The gating position controller 242 of the mobile station receives 
a scrambling code and SFN of the downlink signal, selects N bits in the real part of 
the scrambling code. The selected one bit is utilized for determining the gating slot 
of the next gating slot group. In other words, the position of gating slot in current 
5 gating slot group is determined based on the modulo-3 operation of N bits selected 
in the previous gating slot group. In general, the time difference in unit of slot 
between current gating slot group and the gating slot group from which N bits are 
selected can be larger than one. Here, the base station transmits the downlink gating 
slot in the position that is a predetermined number of slots off from the position of 
10 the gating slot received in the uplink.. 

FIG. 14D shows a method for selecting gating positions of the gating slot 
group for DOl/5. The gating position controller 242 of the mobile station receives 
a scrambling code and SFN of the downlink signal, and selects N bits in the real part 

15 of the scrambling code. The selected N bits are utilized for determining the gating 
slot of the next gating slot group. In other words, the position of gating slot in 
current gating slot group is determined based on the modulo-5 operation of N bits 
selected in the previous gating slot group. In general, the time difference in unit of 
slot between current gating slot group and the gating slot group from which N bits 

20 are selected can be larger than one. Here, the base station transmits the downlink 
gating slot in the position that is a predetermined number of slots off from the 
position of the gating slot received in the uplink. 

Arranging the gating positions of the slots irregularly is to prevent 
25 electromagnetic wave-related bad effects due to the power of the regularly 
transmitted signals. In order to randomly gate the transmission signals, this 
embodiment gives an example of using an arbitrary number for distinguishing the 
uplink/downlink frame together with an uplink scrambling code or a fixed sequence. 
The arbitrary number for distinguishing the uplink/downlink frame can become SFN 
30 or CFN (Connection Frame Number), and can also become an arbitrary system 
parameter for determining the uplink/downlink frame. The second method for gating 
a randomized slot in a gating slot group according to this embodiment of the present 
invention randomly gates a randomized slot in the using the CFN. That is, the 
second random gating method according to this embodiment of the present invention 
35 uses the CFN as an arbitrary number for distinguishing the uplink/downlink frame, 
and the CFN is a value which is equally used by every base station in 
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communication with a specific mobile station (or user equipment). Further, the CFN 
is indicated by 8 bits and is a frame number having a repetition period of 256(0 to 
255). 

5 FIG. 15A shows a method for extracting a partial sequence required in 

generating a gating pattern from an uplink scrambling code. The scrambling code 
for the uplink signal is used for distinguishing the user equipment (UE) in the 
mobile communication system, and is classified into a long scrambling code and a 
short scrambling code. The long scrambling code has a length of 33,554,432 bits, 

10 and is applied to a one-frame signal transmitted from the user equipment using only 
a 38400-bit length code consisting of the 0 th to 38399 th bits of the full length, to 
distinguish the user equipment. The short scrambling code has a length of 256 bits 
and is repeated 150 times within one frame transmitted from the user equipment. 
The short scrambling code is a user identification scrambling code used for the case 

15 where the base station includes a separate device such as an interference remover. 

Referring to FIG. 15A, a slot 1511 is a first slot of a frame 1501 and has a 
slot number 0. For a scrambling code applied to the slot 1511, the long scrambling 
code uses 0 th to 2559 th bits, and the short scrambling code repeats a scrambling code 

20 of 0 th to 255 th bits 10 times. In the following description, the long scrambling code 
and the short scrambling code will be both called a scrambling code. The long 
scrambling code and short scrambling code can be used in this invention. In FIG. 
15A, reference numeral 1512 indicates a 0 th bit of the scrambling code of the first 
slot 1511, reference numeral 1513 indicates a 1 st bit of the scrambling code, and 

25 reference numeral 1 5 14 indicates 2559 th bit of the scrambling code. 

In FIG. 15A, reference numeral 1501 indicates 1 -frame duration The frame 
1501 is comprised of 15 slots from the 0 th slot 1511 to the 14 th slot 1519. A 
description of a method for selecting the gating slot position of the gating slot group 
30 in frame 1 501 will be made below. 

The frame 1501 is divided into gating slot groups each including 3 or 5 slots 
according to the DC. That is, for DC=l/3, the frame 1501 is divided into 5 gating 
slot groups each including 5 slots (i.e., gating slot group #0 includes 0 th to 2 nd slots, 
35 gating slot group #1 includes 3 rd to 5 th slots, gating slot group #2 includes 6 th to 8 th 
slots, gating slot group #3 includes 9 th to 11 th , and gating slot group #4 includes 12 th 
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to 14 th slots). For DOl/5, the frame 1501 is divided into 3 gating slot groups each 
including 5 slots (i.e., gating slot group #0 includes 0 th to 4 th slots, gating slot group 
#1 includes 5 ld to 9 !h slots, gating slot group #2 includes 10 th to 14 th slots), r 

5 In FIG. 15 A, the frame 1501 is divided into 3 or 5 gating slot groups 

according to the DC, and each gating slot group has an offset value that is equal to 
the gating slot group numbers for the respective gating slot groups. For DOl/3, the 
offset values of gating slot group#0 is 0, the offset value of gating slot group#l is 1, 
the offset value of gating slot group#2 is 2, the offset value of gating slot group#3 is 
10 3, and the offset value of gating slot group#4 is 4. For DC=l/5, the offset value of 
gating slot group#0 is 0, the offset value of gating slot group#l is 1, and the offset 
value of gating slot group#2 is 2, Application of the offset values will be described 
below. 

15 1551 st to 1554 ,h bits of FIG. 15A indicate the n extracted bits. Therefore, the 

n bits of 1551 st to 1554 th bits are selected from the 0 th bit 1512 to the 2559 th bit 1514 
of the scrambling code used for the slot 1511 according to the prescribed agreement 
between a base station and a mobile station. Here, 'n' is a multiple of 8, and is a 
positive number which can be arbitrarily set. A method for selecting the n bits from 

20 bit 1551 to bit 1554 in the scrambling code applied to the slot 1511 is as follows. In 
order to decide the gating slot in current gating slot group, n bits from the 
scrambling code used in the previous gating slot group with an offset is utilized, 
where the offset is applied to the first bit of the scrambling code of the previous 
gating slot group. 

25 

(1) For DC=l/3, the frame is divided into 5 gating slot groups #0 to #4. For 
the n bits used for selecting the gating position of the gating slot group #0, n bits 
starting from the 30724 th bit of the scrambling code of the preceding frame are used.. 
Here, the 30724 th bit is the bit to which offset of 4 is applied from the boundary of 

30 the gating slot group#4 of the previous frame. That is, it is the 30720 th bit, which is 
the start bit of the scrambling code applied to the gating slot group #4 of the 
previous frame. And the start bit of the n bits(which will be used for the gating slot 
group #0 in current frame) is 30724 th bit which is determined by applying an offset 
value of gating slot group #4(^=4) of the previous frame of the gating slot group #0. 

35 Accordingly, the start bit for selecting a scrambling code used in selecting the gating 
position to be applied to the gating slot group #0 becomes the 30724 th bit. 
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Similarly, for the n bits used for selecting the gating position in the gating 
slot group #1, n bits are sequentially extracted starting from the 0 th bit of the 
scrambling code of the gating slot group #0 because the offset value for the gating 
5 slot group#0 is 0. For the n bits used for selecting the gating position in the gating 
slot group #2, n bits are sequentially extracted starting from the 7681 st bit of the 
scrambling code by applying an offset value (i.e., offset value=l) of the gating slot 
group #1. For the n bits used for selecting the gating position in the gating slot group 
#3, n bits are sequentially extracted starting from the 15362 nd bit of the scrambling 

10 code by applying an offset value (i.e., offset value=2) of the gating slot group #2. 
For the n bits used for selecting the gating position in the gating slot group #4, n bits 
are sequentially extracted starting from the 23043 rd bit of the scrambling code by 
applying an offset value (i.e., offset value=3) of the gating slot group #3. As 
described previously, for the n bits used for selecting the gating position in the 

1 5 gating slot group #0, n bits are sequentially extracted starting from the 30724 th bit of 
the scrambling code by applying an offset value (i.e., offset value=4) of the gating 
slot group #4 of the previous frame. In other words, the n bits used to determine the 
gating slot position within gating slot group #(p+l) are selected starting from bit 
number y, where y= {1 st bit of gating slot group #(p)} + {the offset of gating slot 

20 group #(p)} except for determining the gating slot position within gating slot 
group#0. In case of the gating slot position within gating slot group#0, n bits used to 
determine the gating slot position within gating slot group#0 are selected starting 
from bit number y, where y={l st bit of gating slot group#4 of the previous frame} + 
{the offset of gating slot group#4}. 

25 

In other words, the n bits used to determine the gating slot position within gating slot 
group #(p+l) are selected starting from bit number y, where y= { 1 st bit of gating slot 
group #(p)} + {the offset of gating slot group #(p)} except for determining the 
gating slot position within gating slot group#0. In case of the gating slot position 
30 within gating slot group#0, n bits used to determine the gating slot position within 
gating slot group#0 are selected starting from bit number y, where y={l st bit of 
gating slot group#4 of the previous frame} + {the offset of gating slot group#4}. 

(2) For DOl/5, the frame is divided into 3 gating slot groups of the gating 
35 slot groups #0 to #2. For the n bits used for selecting the gating position of within 
the gating slot group #0, n bits are sequentially extracted starting from the 25602 nd 
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bit of the scrambling code of the previous frame. For the n bits used for selecting the 
gating position of the gating slot group #1, n bits are sequentially extracted starting 
from the 0 th bit of the scrambling code. For the n bits used for selecting the gating 
position of the gating slot group #2, n bits are sequentially extracted starting from 
5 the 12801 st bit of the scrambling code. 

FIG. 15B is a diagram for explaining a third method for performing random 
gating according to an embodiment of the present invention. This method is 
implemented using CFN. FIG. 15B shows a method for extracting an n-bit sequence 
10 required in generating a gating pattern from a fixed sequence A. 

Referring to FIG. 15B, the n-bit(16 bit) sequences are used in determining 
the irregular transmission pattern in each gating slot group. The n-bit(16 bit) 
sequences are obtained by applying offset j(0, 1, 2, 3) shift selection from the fixed 

15 sequence (ie, A=a0, al, a2 ... al8=1011010011011101001). For DC 1/5, Ao and A, 
can be used. The A 0 have 16 bits(a0 to al5) and A, have 16 bits(al to al6). For DC 
1/3, Ao, Ai, A 2 and A 3 can be used. At that case, the Aq is aO to al5 extracted from 
the fixed sequence A with offset 0, the is al to al6 extracted from the fixed 
sequence A with offset 1, the A 2 is a2 to al7 extracted from the fixed sequence A 

20 with offset 2, and the A 3 is a3 to al8 extracted from the fixed sequence A with offset 
3. The A 0 will be used for calculating the gating slot of the 0'th gating slot group 
and the A, will be used for calculating the gating slot of the 1 'th gating slot group. 
The A 2 and A 3 will be used for calculating the gating slot of the 2'th and 3'th gating 
slot group when the DC is 1/3. Therefore, the Ao and A] or Aq to A 3 is periodically 

25 used in each frame. In FIG. 15B, the n-bit sequence is shown which is obtained by 
applying the offset to the fixed sequence A where the value of offset is equal to the 
current gating slot group number. Since the sequence to be used in each gating slot 
group is selected by applying an offset to the fixed sequence A, the following 
sequences cannot be used A. 

30 

1 . The case where the sequences selected after applying the offset become 

equal. 

Ex) A=1010101010101010101010 
Offset 0 : A 0 =1010101010101010101010 
35 Offset 1 : A r 0101010101010101010101 

Offset 2 : A 2 =1010101010101010101010 
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2. Sequence of all Ts or all O's 
Ex) A=00000000000000000000000 
Ex) A=l 1111111111111111111111 

5 

An exemplary hardware structure for selecting the gating position using the 
n bits used in selecting the gating slot position of FIGS. 15A and 15B is shown in 
FIG. 16. FIG. 16 shows an apparatus to perform a method for selecting the gating 
slot position by using the uplink scrambling code shown in FIG. 15A together with 
1 0 CFN, or the fixed sequence A shown in FIG. 1 5B together with the CFN. 

Referring to FIG. 16, a memory 1601 stores the n bits of the scrambling 
code selected in the manner described with reference to FIG. 15A or stores the n 
bits(ie, 1 6bit) from the fixed sequence Aaccording to the selecting manner described 
15 with reference to FIG. 15B. 

A memory 1603 stores the repeated CFN, by the n-bit(16 bits) length, which 
is equally used in the user equipment and a base station in communication with the 
user equipment. The CFN is repeatly increased 0 to 255 which can be represented by 

20 8 bits, and is stored in the memory 1603, after being repeated n/8 times in order that 
the length of bits stored in memory 1603 equal the value of 'n\ A bit 1631 stored in 
the memory 1603 is the 0 th bit which is the most significant bit (MSB) of the CFN, 
and a bit 1638 is the 7 th bit which is the least significant bit (LSB) of the CNF. A bit 
1639 stored in the memory 1603 is the MSB of the CFN and has the same value as 

25 the bit 1 63 1 , and a bit 1 63n is the LSB of the CFN and has the same value as the bit 
1638. In the memory 1603 of FIG. 16, the order of the MSB and the LSB of the 
CFN can be changed. 

A multiplier 1604 of FIG. 16 is comprised of n exclusive OR (XOR) 
30 operators 1641-164n. The multiplier 1604 performs an XOR operation on the n bits 
stored in the memory 1601 and the CFN bits stored in the memory 1603, and 
provides the operation results to a decimal converter 1605. That is, the n XOR 
operators 1641-164n XOR the bits 1611-161n output from the memory 1601 and the 
bits 163L163n output from the memory 1603. 

35 

The decimal converter 1605 converts the operation results of the multiplier 
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1604 to a decimal number. That is, the decimal converter 1605 includes memories 
1651-165n for storing n operation values output from the XOR operators 1641-164n 
of the multiplier 1604, and converts the operation values stored therein to a decimal 
number. A value of the decimal number is determined according to the value of 'n\ 
5 The decimal number output from the decimal converter 1605 is provided to a 
modulo operator 1607. The modulo operator 1607 outputs a value which depends on 
the DC value. For DOl/3, the modulo operator 1607 outputs one of 0, 1 and 2. For 
DOl/5, the modulo operator 1607 outputs one of 0, 1, 2, 3 and 4. The slots not to 
be transmitted in the gating slot group to which the output results of the modulo 
10 operator 1607 are applied, are determined based on the output results. The decimal 
converter 1605 and the modulo operator 1607 can also be implemented by software. 

The descriptions of FIG. 15A and 16 can be expressed by Equation (1) 

below. 

15 

N(G,C) = {ji^l 0 ^ * 2560x 1 + +/) © C ( ' imodg) jx 2 15 "' jmodJ (1) 

where, G : current gating slot group number, 
20 G prev : previous gating slot group number, 

C : CFN number of ith frame {=(C^C[QQQC' 5 QC;) 2 ), and 
T : the reciprocal of the DC. 
S: Scrambling code 

25 For a better understanding of Equation (1), a description will be made of 

FIGS. 15A and 16 for the case where the present gating slot group is 1, n=16 , 
CFN= 10001100 2 , and DC=l/3. 

30 The 16-bit value '1101001010111000' of the scrambling code selected in 

the manner of FIG. 15A is stored in the memory 1601 of FIG. 16. Further, since 
CNF= 10001100, a value '1000 11 00 10001 100' is stored in the memory 1603 of FIG. 
16. The multiplier 1604 is comprised of 16 XOR operators, and outputs an XOR 
operation value '0101111000110100'. The decimal converter 1605 converts the 
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output value of the multiplier 1604 to a decimal value 'll,386'(or '24,116'). For 
DC=3, the modulo operator 1607 performs a modulo-3 operation on the output 
value '11,386' (or '24,116') of the decimal converter 1605 and outputs a value 1 (or 
2 in case of '24,1 16'). Therefore, out of 3 slots in the gating slot group #2, a second 
(or third) slot is transmitted for transmitting TFCI, TPC and pilot symbol which are 
control data on the DPDCH. 

The descriptions of FIG. 15B and 16 can be expressed by Equation (2) 

below. 



where, Aj : a sequence obtained by applying j bit offset to the fixed sequence A, 
Cj : a sequence obtained by repeating current CFN, 
S 0 : the number of slots constituting one gating slot group, and 
N G : the number of gating slot groups constituting one frame. 

A detailed description of Equation (2) will be made below. 

In Equation (2), s(ij) indicates a slot number, which should be transmitted, 
out of the slots constituting a jth gating slot group of an ith frame. Here, the slot 
number is not assigned in a frame unit, but assigned in a gating slot group unit. Aj 
indicates the n bit sequence obtained by applying a j offset to the fixed sequence A 
as shown in FIG 15B, where the amount of offset j is equal to each gating slot group 
number.C, indicates an n-bit sequence created by repeating the current CFN (8 bits). 
The CFN is a connection frame number. The base station and the mobile station 
repeatedly count the CFN(0 to 255) starting at the beginning of the connection. S G 
indicates the number of slots in one gating slot group, For DC=l/3, S G is 3 and for 
DC=l/5, S G is 5. N G indicates the number of gating slot groups in one frame. For 
DO 1/3, N G is 5, and for DOl/5, N G is 3. For j=0 (i.e., in the first gating slot group 
of the frame) A 0 and current CFN(Cj ) are XORed and then ' 1 ' is added to a value 
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obtained by performing a modulo(S G -l) operation on the XORed value. As the result 
of this operation, the first slot of every frame is always gated off (i.e., not 
transmitted). Further, for j=N G -l (i.e., in the last gating slot group of the frame), only 
the last slot S G -1 is always gated on (i.e., transmitted). For the other gating slot 
5 groups (0<j<N G -l), A,- and Q are XORed and then a modulo-S G operation is 
performed on the XORed value. The reason for processing the first and last gating 
slot groups differently from the other gating slot groups is to assist in channel 
estimation. FIG 15C shows the generation rule. It is also possible to determine the 
gating position using Equation (3) below in which the same rule is applied to every . 

10 

s(i,j) = (Aj®C,)modS c , j = 0,1,2,., „.N G -1, i = 0,1 255 .. . (3) 

An operation of determining the gating position of the slots in the gating slot 
15 group using Equations (2) and (3) will be described with reference to FIGS. 16, 10A 
and 10B. 

The structure of FIG. 16 corresponds to the gating position selector 150 of 
FIG. 10A and the gating position selector 250 of FIG. 10B. An operation of the 
20 gating position selector will be described with reference to FIG. 1 6. 

The memory 1601 stores the n bits selected in the manner described with 
reference to FIG. 15B, and 'n' is a multiple of 8, which is a positive number. Here, 
the sequence stored in the memory 1601 is a sequence Aj obtained by applying j bit 

25 offset to the fixed sequence A. A memory 1603 stores the repeated CFN, of n-bit 
length, which is equally used in the user equipment and every base station in 
communication with the user equipment. A sequence stored in the memory 1603 is a 
sequence Q obtained by repeating the current CFN. The multiplier 1604 comprised 
of n XOR operators, performs an XOR operation on the sequence Aj and the 

30 sequence C, stored in the memories 1601 and 1603 in a bit unit to generate the 
operation result of A^Q, and provides the operation result to the decimal converter 
1605. The decimal converter 1605 converts the operation result of the multiplier 
1604 to a decimal number, and provides the converted decimal value to the modulo 
operator 1607. The modulo operator 1607 outputs a value which depends on the 

35 number, S G , of the slots constituting one gating slot group. That is, when S G is 3 (i.e., 
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DC-1/5), the modulo operator 1607 outputs 0, 1 and 2, and when S G is 5 (i.e., 
DC=l/3), the modulo operator 1607 outputs 0, 1 , 2, 3 and 4. 

In addition, the modulo operator 1607 can perform the same modulo 
5 operation as shown in Equation (2) according to the gating slot group number in one 
frame. That is, if the present gating slot group has the first gating slot group number 
in the frame, the gating position is determined such that the first slot data in the first 
gating slot group should not be transmitted. Otherwise, if the present gating slot 
group has the last gating slot group number, the gating position is determined such 
10 that the last slot data in the last gating slot group should be always transmitted. 

The determined gating position information of each gating slot group is 
provided to the gated transmission controller 141 of FIG. 10A or the gated 
transmission controller 241 of FIG. 10B. The gated transmission controller gates on 
15 the data on the DPCCH in the slot duration of the gating position determined by the 
gating position selector, and gates off the data on the DPCCH in the other slot 
duration. 

In order for the base station and the mobile station to perform gated 
20 transmission, the mobile communication system has the following state transition 
methods, which are determined according to system setup. In one method, transition 
occurs by a set timer value or a transition command message from the base station. 
In another method, transition occurs sequentially while changing the gating rate. At 
this point, the gating rate DC can be determined in consideration of a capacity of the 
25 corresponding mobile station and the channel environments. Assume that one frame 
is comprised of 16 slots. Then, in the former transition method, a direct gating rate 
transition occurs from DC=1/1 to DC=l/2, from DC=1/1 to DC=l/4, or from 
DC=1/1 to DC=l/8. In the latter transition method, a sequential gating rate transition 
occurs from DC=1/1 to DC=l/2, from DC-1/2 to DC=l/4, and from DOl/4 to 1/8. 
30 The gated transmission method according to an embodiment of the present invention 
will be described for both the case where one frame is comprised of 16 slots and the 
case where one frame is comprised of 15 slots. When one frame is comprised of 16 
slots, the gating rate can become 1/2, 1/4 and 1/8, and when one frame is comprised 
of 15 slots, the gating rate can become 1/3 and 1/5. 

35 

FIGS. 7 A and 7B show the uplink DPCCH for the case where a dedicated 
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MAC (Medium Access Control) logical channel is generated and a corresponding 
transition message is transmitted over the uplink DPDCH when there is no DPDCH 
data for a predetermined period of time of FIGS. 6A and 6B. 

5 Reference numeral 3 1 1 of FIG. 7A shows a case where an uplink DPDCH 

message is generated while the uplink DPCCH does not undergo gated transmission 
(i.e., while the uplink DPCCH is continuously transmitted (DC=1/1)). Reference 
numeral 312 shows a case where the uplink DPDCH message is generated while the 
uplink DPCCH undergoes DC=l/2 gated transmission. Reference numeral 313 

10 shows a case where the uplink DPDCH message is generated while the uplink 
DPCCH undergoes DC=l/4 gated transmission. Reference numeral 314 shows a 
case where the uplink DPDCH message is generated while the uplink DPCCH 
undergoes DC=l/8 gated transmission. Even for slots, which are not transmitted in 
the gated transmission pattern as shown by the reference numerals 312, 313 and 314, 

15 the slots in the corresponding duration undergo normal transmission when the uplink 
DPDCH is transmitted in the corresponding duration. In the slots for normal 
transmission, the TPC bits for downlink power control can be omitted and the pilot 
duration (or period) can be extended to a slot length before transmission. Beginning 
at the slots succeeding after transmitting the uplink DPDCH message by normal 

20 transmission of the slots, it is possible to transmit the uplink DPCCH without gating, 
or it is possible to continue the gated transmission at the original gating rate until a 
gating stop message is received from the base station. That is, when the uplink 
DPDCH message is transmitted during DC=l/2 gated transmission, it is possible to 
perform normal transmission on the slot of the above duration, thereafter perform 

25 DC=l/2 gated transmission again, and then stop gated transmission (DC=1) when 
transmitting user data after receiving a gating stop message from the base station. 

As in the case of the uplink DPCCH, even for the slots which are not 
transmitted in the gated transmission pattern, the slots undergo normal transmission 

30 in the corresponding duration, when a downlink DPDCH message is generated 
during gated transmission for the downlink DPCCH. In the slots for normal 
transmission, the TPC bits for uplink power control can be omitted and the pilot 
duration can be extended to a slot length. Beginning at the slots succeeding after 
transmitting the downlink DPDCH message by normal transmission of the slots, it is 

35 possible to transmit the downlink DPCCH without gating, or it is possible to 
continue the gated transmission at the original gating rate until a gating stop request 
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message is received from the mobile station. That is, when the downlink DPDCH 
message is transmitted during DOl/2 gated transmission, it is possible to perform 
normal transmission on the slot of the above duration, thereafter perform DO 1/2 
gated transmission again, and then stop gated transmission (DOl) when 
5 transmitting the user data after receiving a gating stop request message from the 
mobile station. 

Reference numeral 315 of FIG. 7B shows a case where an uplink DPDCH 
message is generated while the uplink DPCCH undergoes DOl/2 gated 

10 transmission. Reference numeral 316 shows a case where the uplink DPDCH 
message is generated while the uplink DPCCH undergoes DOl/4 gated 
transmission. Reference numeral 317 shows a case where the uplink DPDCH 
message is generated while the uplink DPCCH undergoes DOl/8 gated 
transmission. Even for the slots, which are not transmitted in the gated transmission 

15 pattern as shown by the reference numerals 315, 316 and 317, the slots in the 
corresponding duration undergo normal transmission when the uplink DPDCH is 
transmitted in the corresponding duration. In the slots for normal transmission, the 
TPC bits for downlink power control can be omitted and the pilot duration can be 
extended to a slot length before transmission. Beginning at the slots succeeding after 

20 transmitting the uplink DPDCH message by normal transmission of the slots, it is 
possible to transmit the uplink DPCCH without gating, or it is possible to continue 
the gated transmission at the original gating rate until a gating stop message is 
received from the base station. That is, when the uplink DPDCH message is 
transmitted during DOl/2 gated transmission, it is possible to perform normal 

25 transmission on the slot of the above duration, thereafter perform DOl/2 gated 
transmission again, and then stop gated transmission (DOl) when transmitting user 
data after receiving a gating stop message from the base station. 

It is also possible to simultaneously gate transmission of both the uplink 
30 DPCCH and the downlink DPCCH in the same gating pattern. Beginning at the slots 
succeeding after transmitting the downlink DPDCH message by normal 
transmission of the slots, generated while gating transmission of the downlink 
DPCCH, it is possible to transmit the downlink DPCCH without gating, or it is 
possible to gate transmission of the downlink DPCCH at the original gating rate 
35 until a gating stop message is received from the mobile station. That is, when the 
downlink DPDCH message is transmitted during DOl/2 gated transmission, it is 
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possible to perform normal transmission on the slot of the above duration, thereafter 
perform DC=l/2 gated transmission again, and then stop gated transmission (DC=1) 
when transmitting the user data after receiving a gating stop message from the 
mobile station. 

5 

FIG. 8A shows a method for transmitting downlink and uplink signals when 
transmission of a downlink DPDCH is discontinued. When transmission of the 
downlink DPDCH is discontinued as shown by reference numeral 801 in the RBA 
mode where the uplink DPDCH has no traffic data to transmit, the base station and 

10 the mobile station start gating if a set timer value expires and a gating start message 
is received. Although FIG. 8A shows an embodiment where the gating start message 
is generated by the base station, it is also possible for the mobile station to send a 
gating-request message to the base station when there is no downlink and uplink 
DPDCH. While transmitting the downlink DPCCH in FIG. 8A, it is also possible to 

15 transmit all the TFCI, TPC and pilot symbols without gating. Since the TPC bits 
include meaningless TPC values determined by measuring power strength of the 
pilot symbols of the gated slots within the uplink DPCCH, the mobile station ignores 
the meaningless TPC values transmitted from the base station in order to perform 
uplink power control in consideration of the gating pattern for the uplink DPCCH, 

20 and performs transmission at the same transmission power as the transmission 
power for the previous slot. 

Alternatively, while transmitting the downlink DPCCH in FIG. 8A, it is also 
possible to gate only the TFCI and TPC bits in the downlink DPCCH without gating 
25 the pilot symbols in the downlink DPCCH. At this point, the gating pattern is 
identical to a gating pattern for the uplink DPCCH of the mobile station. The slot, in 
which the TPC bits in the downlink DPCCH are gated, refers to the TPC bits 
generated by measuring the pilot symbols corresponding to the gated slot in the 
DPCCH transmitted from the mobile station. 

30 

Reference numeral 802 shows a situation where a message generated by the 
base station is transmitted to the mobile station over the downlink DPDCH. In this 
case, the mobile station, which has been gating transmission of the uplink DPCCH, 
can stop gated transmission and perform normal transmission (DC=1) after receiving 
35 the message. Alternatively, the mobile station, which has been gating transmission 
of the uplink DPCCH, can continue gated transmission even after receiving the 
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message, and then perform normal transmission (DC=1) upon receipt of a gating 
stop message. 

FIG. 8B shows a method for transmitting downlink and uplink signals when 
5 transmission of an uplink DPDCH is discontinued. When transmission of the 
downlink DPDCH is discontinued as shown by reference numeral 803 in the RBA 
mode where there exists no downlink DPDCH, the base station and the mobile 
station make a state transition at a time point appointed (or scheduled) between them 
when a set timer value expires or after exchanging a state transition message. 

10 Although FIG. 8B shows an embodiment where the state transition message is 
generated through the downlink DPDCH, the state transition message can be 
generated even in the uplink DPDCH of the mobile station. While transmitting the 
downlink DPCCH of FIG. 8B, it is possible to transmit all the TFCI, TPC and pilot 
symbols without gating. Since the TPC bits include meaningless TPC values 

15 determined by measuring power strength of the pilot symbols of the gated slots 
within the uplink DPCCH, the mobile station ignores the meaningless TPC values 
transmitted from the base station in order to perform uplink power control in 
consideration of the gating pattern for the uplink DPCCH, and performs 
transmission at the same transmission power as the transmission power for the 

20 previous slot. 

Alternatively, while transmitting the downlink DPCCH in FIG. 8B, it is also 
possible to gate only the TFCI and TPC bits in the downlink DPCCH without gating 
the pilot symbols in the downlink DPCCH. At this point, the gating pattern is 
25 identical to a gating pattern for the uplink DPCCH of the mobile station. The slot, in 
which the TPC bits in the downlink DPCCH are gated, refers to the TPC bits 
generated by measuring the pilot symbols corresponding to the gated slot in the 
DPCCH transmitted from the mobile station. 

30 Reference numeral 804 shows a situation where a state transmission 

message generated by the base station is transmitted to the mobile station over the 
downlink DPDCH. In this case, the mobile station, which has been gating 
transmission of the uplink DPCCH, can stop gated transmission and perform normal 
transmission (DC=1) upon receipt of the state transition message. Alternatively, the 

35 mobile station, which has been gating transmission of the uplink DPCCH, can 
continue gated transmission even after receipt of the state transition message, and 
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then stop gated transmission and perform normal transmission (DOl) at a state 
transition point designated by the state transition message. 

FIG. 8C shows a method for transmitting downlink and uplink signals when 
5 transmission of a downlink DPDCH is discontinued. When transmission of the 
downlink DPDCH is discontinued as shown by reference numeral 805 in the RBA 
mode where there exists no uplink DPDCH, the base station and the mobile station 
transition to the RBS mode if a set timer value expires or a downlink DPDCH 
message for state transition is generated. Although FIG. 8C shows an embodiment 

10 where the message for state transition to the RBA mode is generated by the base 
station, it is also possible for the mobile station to send a state transition request 
message to the base station when there is no downlink and uplink DPDCH. While 
transmitting the downlink DPCCH in FIG. 8C, it is also possible to transmit all the 
TFCI, TPC and pilot symbols without gating. Since the TPC bits include 

15 meaningless TPC values determined by measuring the power strength of the pilot 
symbols of the gated slots within the uplink DPCCH, the mobile station ignores the 
meaningless TPC values transmitted from the base station in order to perform uplink 
power control in consideration of the gating pattern for the uplink DPCCH, and 
performs transmission at the same transmission power as the transmission power for 

20 the previous slot. 

Alternatively, while transmitting the downlink DPCCH in FIG. 8C, it is also 
possible to gate only the TFCI and TPC bits in the downlink DPCCH without gating 
the pilot symbols in the downlink DPCCH. At this point, the gating pattern is 
25 identical to a gating pattern for the uplink DPCCH of the mobile station. The slot, in 
which the TPC bits in the downlink DPCCH are gated, refers to the TPC bits 
generated by measuring the pilot symbols corresponding to the gated slot in the 
DPCCH transmitted from the mobile station. 

30 Reference numeral 806 shows a situation where a state transition message 

generated by the mobile station is transmitted to the base station over the uplink 
DPDCH. In this case, the mobile station, which has been gating transmission of the 
uplink DPCCH, can stop gated transmission and then perform normal transmission 
(DC=1) after transmission of the state transition message over the uplink DPDCH. 

35 Alternatively, the mobile station, which has been gating transmission of the uplink 
DPCCH, can continue gated transmission even after transmission of the state 
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transition message, and then stop gated transmission and perform normal 
transmission (DC=1) at the state transition point. 

FIG. 8D shows a method for transmitting downlink and uplink signals when 
5 transmission of an uplink DPDCH is discontinued. When transmission of the uplink 
DPDCH is discontinued as shown by reference numeral 807 in the RBA mode 
where there exists no downlink DPDCH, the base station and the mobile station 
make a state transition at a time point appointed between them when a set timer 
value expires or after exchanging a state transition message. Although FIG. 8D 

10 shows an embodiment where the state transition message is generated through the 
downlink DPDCH, the state transition message can also be generated in the uplink 
DPDCH of the mobile station. While transmitting the downlink DPCCH in FIG. 8D, 
it is also possible to transmit all the TFCI, TPC and pilot symbols without gating. 
Since the TPC bits include meaningless TPC values determined by measuring power 

15 strength of the pilot symbols of the gated slots within the uplink DPCCH, the mobile 
station ignores the meaningless TPC values transmitted from the base station in 
order to perform uplink power control in consideration of the gating pattern for the 
uplink DPCCH, and performs transmission at the same transmission power as the 
transmission power for the previous slot. 

20 

Alternatively, while transmitting the downlink DPCCH in FIG. 8D, it is also 
possible to gate only the TFCI and TPC bits in the downlink DPCCH without gating 
the pilot symbols in the downlink DPCCH. At this point, the gating pattern is 
identical to a gating pattern for the uplink DPCCH of the mobile station. The slot, in 
25 which the TPC bits in the downlink DPCCH are gated, refers to the TPC bits 
generated by measuring the pilot symbols corresponding to the gated slot in the 
DPCCH transmitted from the mobile station. 

Reference numeral 808 shows a situation where a state transition message 
30 generated by the mobile station is transmitted to the base station over the uplink 
DPDCH. In this case, the mobile station, which has been gating transmission of the 
uplink DPCCH, can stop gated transmission and then perform normal transmission 
(DC=1) after transmission of the state transition message over the uplink DPDCH. 
Alternatively, the mobile station, which has been gating transmission of the uplink 
35 DPCCH, can continue gated transmission even after transmission of the state 
transition message, and then stop gated transmission and perform normal 
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transmission (DC=1) at the state transition point. 

FIG. 9A shows a method for transmitting downlink and uplink signals when 
transmission of a downlink DPDCH is discontinued. When transmission of the 
5 downlink DPDCH is discontinued, the base station and the mobile station make a 
state transition at a time point appointed between them if a set timer value expires or 
after exchanging a state transition message. FIG. 9A shows a case where the 
downlink DPCCH is gated in the same gating pattern as that of the uplink DPCCH. 
Although FIG. 9A shows an embodiment where the state transition message is 
10 transmitted through the downlink DPDCH, the state transition message can also be 
transmitted through the uplink DPDCH of the mobile station 

FIG. 9B shows a method for transmitting downlink and uplink signals when 
transmission of an uplink DPDCH is discontinued. When transmission of the uplink 

15 DPDCH is discontinued, the base station and the mobile station make a state 
transition at a time point appointed between them if a set timer value expires or after 
exchanging a state transition message. FIG. 9B shows a case where a gating pattern 
for the downlink DPCCH is gated in the same gating pattern as that of the uplink 
DPCCH. Although FIG. 9B shows an embodiment where the state transition 

20 message is transmitted through the downlink DPDCH, the state transition message 
can also be transmitted through the uplink DPDCH of the mobile station. 

In the foregoing drawings and descriptions, the downlink and uplink frames 
have the same frame starting point. However, in the UTRA (UMTS (Universal 
Mobile Telecommunications System) Terrestrial Radio Access) system, the starting 

25 point of the uplink frame is artificially delayed by 250p,sec as compared with the 
starting point of the downlink frame. This is to make power control time delay 
become one slot (=0.625ms) in consideration of the propagation delay of the 
transmission signal when the cell radius is below 30km. Therefore, with due 
consideration of the artificial time delay between the downlink and uplink frame 

30 start time, the methods for gating transmission of the DPCCH signal are shown by 
FIGS. 11 A to HE. FIGS. 10A and 10B show structures of the base station 
transmitter and the mobile station transmitter, respectively, which enable such gated 
transmission. 



35 



FIG. 10A shows a structure of the base station transmitter according to 
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another embodiment of the present invention. The base station transmitter is 
different from FIG. 5A in that the pilot, TFCI and TPC bits constituting the 
downlink DPCCH can be separately gated in different gating patterns by the gated 
transmission controller 141. That is, the gated transmission controller 141 performs 
5 gated transmission on the pilot, TFCI and TPC bits for the downlink DPCCH at a 
slot (or time slot) scheduled with the mobile station in the RBS mode where the 
traffic data is not transmitted over the downlink and uplink DPDCHs. By using the 
gated transmission controller 141 , it is also possible to assemble a pilot of an (n-l)th 
slot and TFCI and TPC bits of a nth slot in a gated transmission unit. When the base 
10 station transmits signaling data using the gated transmission controller 141 during 
gated transmission in the RBS mode, it is possible to avoid performing gated 
transmission on the pilot and TFCI in the duration where the signaling data is 
transmitted. 

15 Alternatively, the gated transmission controller 141 can perform gated 

transmission on one slot (or one entire slot) including the pilot symbols, TFCI and 
TPC bits for the downlink DPCCH at a slot(or time slot) scheduled with the mobile 
station in the RBS mode where the traffic data is not transmitted over the downlink 
and uplink DPDCHs. 

20 

Although the downlink gating pattern is identical to the uplink gating 
pattern, there can exist an offset between them for efficient power control. The offset 
is given as a system parameter. 

25 The gated transmission controller 141 can select the gating position of the 

slots either randomly or regularly according to the output of the gating position 
selector 250. That is, the gating position selector 250 can regularly determine the 
gating position of the slots. For example, for DC=l/3, 3 rd , 6 th , 9 th , . . . slots are 
transmitted (or gated on). Further, the gating position selector 250 can randomly 

30 select the gating position of the slots in the method described with reference to FIGS. 
15 A, 15B and 16. In this case, the positions of the slots to be gated are determined 
by the random pattern. 

FIG. 10B shows a structure of the mobile station transmitter according to 
35 another embodiment of the present invention. The mobile station transmitter is 
different from FIG. 5B in that the pilot, TFCI, FBI and TPC bits constituting the 
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uplink DPCCH can be separately gated in the different patterns by the gated 
transmission controller 241. The gated transmission controller 241 gates 
transmission of the pilot, TFCI, FBI and TPC bits for the uplink DPCCH at a power 
control group (or time slot) scheduled with the mobile station in the RBS mode 
5 where the traffic data is not transmitted over the downlink and uplink DPDCHs. 
When the base station transmits signaling data using the gated transmission 
controller 241 during gated transmission in the RBS mode, it is possible to avoid 
performing gated transmission on the pilot and TFCI in the duration where the 
signaling data is transmitted. 

10 

Alternatively, the gated transmission controller 241 can perform gated 
transmission on one slot including the pilot symbols, TFCI, FBI and TPC bits for the 
uplink DPCCH at a slot scheduled with the mobile station in the RBS mode where 
the traffic data is not transmitted over the downlink and uplink DPDCHs. 

15 

Although the downlink gating pattern is identical to the uplink gating 
pattern, there can exist an offset between them for efficient power control. The offset 
is given as a system parameter. 

20 The gated transmission controller 141 can select the gating position of the 

slots either randomly or regularly according to the output of the gating position 
selector 250. That is, the gating position selector 250 can regularly determine the 
gating position of the slots. For example, for DC=l/3, 3 rd , 6 th , 9 th , . . . slots are 
transmitted (or gated on). Further, the gating position selector 250 can randomly 

25 select the gating position of the slots in the method described with reference to FIGS. 
15 A, 15B and 16. In this case, the positions of the slots to be gated are determined 
by the random pattern. 

FIGS. 11A to 11D and FIGS. 12A to 12E show signal transmission 
30 diagrams for gated transmission performed by the base station and the mobile station 
transmitters of FIGS. 10A and 10B. FIGS. 11A to 11D show how to perform gated 
transmission when the frame length is 10msec and each frame includes 16 slots, i.e., 
each slot has a length of 0.625msec. FIGS. 12A to 12E show how to perform gated 
transmission when the frame length is 10msec and each frame includes 15 slots, i.e., 
35 each slot has a length of 0.667msec. 
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FIG. 11A shows gated transmission for the downlink and uplink DPCCHs 
according to a first embodiment of the present invention. As shown in FIG. 11 A, a 
gated transmission unit for the downlink DPCCH may not be a slot unit. That is, in 
two adjacent slots, a pilot symbol of an nth slot and TFCI and TPC bits of an (n+l)th 
5 slot are set as a gated transmission unit for the downlink DPCCH. For example, 
when the gating rate is 1/2, a pilot symbol of slot number 0 and TFCI and TPC bits 
of slot number 1 are set as a gated transmission unit for the downlink DPCCH. 
When the gating rate is 1/4, a pilot symbol of slot number 2 and TFCI and TPC bits 
of slot number 3 are set as a gated transmission unit for the downlink DPCCH. 
10 When the gating rate is 1/8, a pilot symbol of slot number 6 and TFCI and TPC bits 
of slot number 7 are set as a gated transmission unit for the downlink DPCCH. Here, 
the gated transmission unit for the downlink DPCCH is set to be different from the 
actual slot unit, since an nth pilot symbol may be required in the receiver to 
demodulate the (n+l)th TPC according to a demodulation method for the TPC signal. 

15 

When a signaling message is generated during such gated transmission, the 
signaling message is transmitted over the downlink or uplink DPDCH. Therefore, 
performance of the frame starting point is very important. In the invention, as shown 
in FIG. 11 A, the TPC for the downlink DPCCH and the TPC for the uplink DPCCH 
20 are located at slot number 15 (i.e., the 16 ,h slot, which is the last slot of the nth 
frame), so that the first slot of the (n+l)th frame is power controlled using the TPC 
bits existing in the last slot of an nth frame. That is, the TPC for power controlling 
the first slot of the next frame is located at the last slot of the present frame. 

25 Meanwhile, in the UTRA system stated above, an offset between the 

downlink and uplink frame start points is fixed to 250usec. However, for gated 
transmission of the downlink and uplink DPCCHs, the offset value can be changed 
to an arbitrary value while the base station and the mobile station exchange a 
parameter for DPCCH gated transmission in the call setup process. The offset value 

30 is set to a proper value in consideration of propagation delay of the base station and 
the mobile station in the call setup process. That is, when the cell radius is over 
30Km, the offset value can be set to a value larger than the conventional offset value 
of 250u.sec for DPCCH gated transmission, and this value can be determined 
through experiments. 

35 
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FIG. 11B shows gated transmission for the downlink and uplink DPCCHs 
according to a second embodiment of the present invention. FIG. 11B shows a case 
where transmission of the downlink DPCCH goes ahead of transmission of the 
uplink DPCCH during gated transmission, for the gating rates of 1/2, 1/4 and 1/8. 
5 This difference (i.e., offset) is designated by "DL-UL timing" for the gating rates of 
1/2, 1/4 and 1/8. 

Referring to FIG. 11B, in two adjacent slots, a pilot symbol of an nth slot 
and TFCI and TPC of the (n+l)th slot are set as a gated transmission unit for the 

10 downlink DPCCH. For example, for the gating rate 1/2, a pilot symbol of slot 
number 0 and TFCI and TPC of slot number 1 are set as a gated transmission unit 
for the downlink DPCCH. For the gating rate 1/4, a pilot symbol of slot number 2 
and TFCI and TPC of slot number 3 are set as a gated transmission unit for the 
downlink DPCCH. For the gating rate 1/8, a pilot symbol of slot number 6 and TFCI 

15 and TPC of slot number 7 are set as a gated transmission unit for the downlink 
DPCCH. 

In addition, it is noted that the TPC for power controlling the first slot of the 
next frame is located at the last slot of the present frame. That is, the TPC for the 
20 downlink DPCCH and the TPC for the uplink DPCCH are both located at slot 
number 15 (i.e., the 16 ,h slot). 

FIG. 11C shows gated transmission for the downlink and uplink DPCCHs 
according to a third embodiment of the present invention. FIG. 11C shows a case 
25 where transmission of the uplink DPCCH goes ahead of transmission of the 
downlink DPCCH during gated transmission, for the gating rates of 1/2, 1/4 and 1/8. 

Referring to FIG. 11C, in two adjacent slots, a pilot symbol of a 
predetermined nth slot and TFCI and TPC of the (n+l)th slot are set as a gated 

30 transmission unit for the downlink DPCCH. For example, for the gating rate 1/2, a 
pilot symbol of slot number 1 and TFCI and TPC of slot number 2 are set as a gated 
transmission unit for the downlink DPCCH. For the gating rate 1/4, a pilot symbol 
of slot number 2 and TFCI and TPC of slot number 3 are set as a gated transmission 
unit for the downlink DPCCH. For the gating rate 1/8, a pilot symbol of slot number 

35 6 and TFCI and TPC of slot number 7 are set as a gated transmission unit for the 
downlink DPCCH. 
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In addition, it is noted that the TPC for power controlling the first slot of the 
next frame is located at the last slot of the present frame. That is, the TPC for the 
downlink DPCCH and the TPC for the uplink DPCCH are both located at a slot 
5 number 1 5 (i.e., the 16 th slot). 

FIG. 11D shows gated transmission for the downlink and uplink DPCCHs 
according to a fourth embodiment of the present invention. FIG. 11D shows a case 
where for the gating rates of 1/2, 1/4 and 1/8, transmission of the downlink DPCCH 
10 goes ahead of transmission of the uplink DPCCH during gated transmission, and the 
downlink and uplink gating patterns are set to the same period. 

Referring to FIG. 11D, in two adjacent slots, a pilot symbol of the 
predetermined nth slot and TFCI and TPC of the (n+l)th slot are set as a gated 

15 transmission unit for the downlink DPCCH. For example, for the gating rate 1/2, a 
pilot symbol of slot number 0 and TFCI and TPC of slot number 1 are set as a gated 
transmission unit for the downlink DPCCH. For the gating rate 1/4, a pilot symbol 
of slot number 0 and TFCI and TPC of slot number 1 are set as a gated transmission 
unit for the downlink DPCCH. For the gating rate 1/8, a pilot symbol of slot number 

20 2 and TFCI and TPC of slot number 3 arc set as a gated transmission unit for the 
downlink DPCCH. 

In addition, it is noted that the TPC for power controlling the first slot of the 
next frame is located at the last slot of the present frame. That is, the TPC for the 
25 downlink DPCCH and the TPC for the uplink DPCCH are both located at slot 
number 15 (i.e., the I6 1h slot). 

FIGS. 12A and 12B show gated transmission for the downlink and uplink 
DPCCHs according to a fifth embodiment of the present invention. FIGS. 12A and 

30 12B show a case where a gating rate for gated transmission of the downlink and 
uplink DPCCHs is 1/3, i.e., gated on transmission is performed at the periods 
corresponding to 1/3 of the whole slots. That is, gated transmission is performed at 
the periods corresponding to 5 slots out of the whole 15 slots. At this point, a gated 
transmission unit for the downlink DPCCH is set to be different from a slot unit. 

35 That is, in two adjacent slots, a pilot symbol of the predetermined nth slot and TFCI 
and TPC of the (n+l)th slot are set as a gated transmission unit for the downlink 
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DPCCH. Accordingly, transmission is performed in the order of the pilot symbol of 
the nth slot and TPC and TFCI symbols of the (n+l)th slot. 

In FIG. 12 A, <Case 1> shows a case where the uplink DPCCH and the 
5 downlink DPCCH are simultaneously transmitted at the start of gated transmission, 
and the downlink and uplink gating patterns are set to the same period. With regard 
to two adjacent slots, a pilot symbol of slot number 1 and TFCI and TPC of slot 
number 2 are set as a gated transmission unit for the downlink DPCCH; a pilot 
symbol of slot number 4 and TFCI and TPC of slot number 5 are set as a gated 

10 transmission unit for the downlink DPCCH; a pilot symbol of slot number 7 and 
TFCI and TPC of slot number 8 are set as a gated transmission unit for the downlink 
DPCCH; a pilot symbol of slot number 10 and TFCI and TPC of slot number 11 are 
set as a gated transmission unit for the downlink DPCCH; and a pilot symbol of slot 
number 13 and TFCI and TPC of slot number 1 4 are set as a gated transmission unit 

1 5 for the downlink DPCCH. 

<Case 2> shows a case where transmission of the uplink DPCCH goes 
ahead of transmission of the downlink DPCCH at the start of gated transmission. At 
this point, with regard to two adjacent slots, a pilot symbol of slot number 0 and 

20 TFCI and TPC of slot number 1 are set as a gated transmission unit for the downlink 
DPCCH; a pilot symbol of slot number 3 and TFCI and TPC of slot number 4 are set 
as a gated transmission unit for the downlink DPCCH; a pilot symbol of slot number 
6 and TFCI and TPC of slot number 7 are set as a gated transmission unit for the 
downlink DPCCH; a pilot symbol of slot number 9 and TFCI and TPC of slot 

25 number 10 are set as a gated transmission unit for the downlink DPCCH; and a pilot 
symbol of slot number 12 and TFCI and TPC of slot number 13 are set as a gated 
transmission unit for the downlink DPCCH. 

In FIG. 12B, <Case 3> shows a case where transmission of the uplink 
30 DPCCH goes ahead of transmission of the downlink DPCCH at the start of gated 
transmission. At this point, with regard to two adjacent slots, a pilot symbol of slot 
number 1 and TFCI and TPC of slot number 2 are set as a gated transmission unit 
for the downlink DPCCH; a pilot symbol of slot number 4 and TFCI and TPC of slot 
number 5 are set as a gated transmission unit for the downlink DPCCH; a pilot 
35 symbol of slot number 7 and TFCI and TPC of slot number 8 are set as a gated 
transmission unit for the downlink DPCCH; a pilot symbol of slot number 10 and 
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TFCI and TPC of slot number 11 are set as a gated transmission unit for the 
downlink DPCCH; and a pilot symbol of slot number 13 and TFCI and TPC of slot 
number 14 are set as a gated transmission unit for the downlink DPCCH. 

5 <Case 4> shows a case where transmission of the uplink DPCCH goes 

ahead of transmission of the downlink DPCCH at the start of gated transmission. At 
this point, with regard to two adjacent slots, a pilot symbol of slot number 14 and 
TFCI and TPC of slot number 0 are set as a gated transmission unit for the downlink 
DPCCH; a pilot symbol of slot number 2 and TFCI and TPC of slot number 3 are set 
10 as a gated transmission unit for the downlink DPCCH; a pilot symbol of slot number 

5 and TFCI and TPC of slot number 6 are set as a gated transmission unit for the 
downlink DPCCH; a pilot symbol of slot number 8 and TFCI and TPC of slot 
number 9 are set as a gated transmission unit for the downlink DPCCH; and a pilot 
symbol of slot number 11 and TFCI and TPC of slot number 12 are set as a gated 

1 5 transmission unit for the downlink DPCCH. 

<Case 5> shows a case where transmission of the uplink DPCCH goes 
ahead of transmission of the downlink DPCCH at the start of gated transmission. At 
this point, with regard to two adjacent slots, a pilot symbol of slot number 0 and 
20 TFCI and TPC of slot number 1 are set as a gated transmission unit for the downlink 
DPCCH; a pilot symbol of slot number 3 and TFCI and TPC of slot number 4 are set 
as a gated transmission unit for the downlink DPCCH; a pilot symbol of slot number 

6 and TFCI and TPC of slot number 7 are set as a gated transmission unit for the 
downlink DPCCH; a pilot symbol of slot number 9 and TFCI and TPC of slot 

25 number 10 are set as a gated transmission unit for the downlink DPCCH; and a pilot 
symbol of slot number 12 and TFCI and TPC of a slot number 13 are set as a gated 
transmission unit for the downlink DPCCH. 

FIG. 12C shows gated transmission for the downlink and uplink DPCCHs 
30 according to a sixth embodiment of the present invention. FIG. 12C shows a case 
where the gating rate for gated transmission of the downlink and uplink DPCCHs is 
1/5, i.e., gated on transmission is performed so that 1/5 of the slots are transmitted in 
comparison to all the slots in standard transmission. That is, gated transmission is 
performed so that 3 slots out of the standard 15 slots are transmitted. At this point, a 
35 gated transmission unit for the downlink DPCCH is set to be different from a slot 
unit. That is, with regard to two adjacent slots, a pilot symbol of the predetermined 
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nth slot and TFCI and TPC of the (n+l)th slot are set as a gated transmission unit for 
the downlink DPCCH. Accordingly, the pilot symbol, TPC symbol and TFCI 
symbol are transmitted in 5 slots, and the symbols are transmitted in the order of the 
pilot symbol of the nth slot and the TPC and TFCI symbols of the (n+l)th slot. Here, 
5 the TPC symbol and the TFCI symbol are continuously transmitted. 

Referring to FIG. 12C, with regard to two adjacent slots, a pilot symbol of 
slot number 3 and TFCI and TPC of slot number 4 are set as a gated transmission 
unit for the downlink DPCCH; a pilot symbol of slot number 8 and TFCI and TPC 
1 0 of slot number 9 are set as a gated transmission unit for the downlink DPCCH; and a 
pilot symbol of slot number 13 and TFCI and TPC of slot number 14 are set as a 
gated transmission unit for the downlink DPCCH. 

FIG. 12D shows gated transmission foT the downlink and uplink DPCCHs 
15 according to a seventh embodiment of the present invention. Referring to FIG. 12D, 
the gating pattern is set such that the last slot of the uplink DPCCH should not be 
gated in the RBS mode. Such a gating pattern has high channel estimation 
performance, since the base station can perform channel estimation using the pilot 
symbols in the last slot of the frame. In addition, it is possible to increase the time 
20 required when the base station processes the FBI bits transmitted from the mobile 
station. 

FIG. 12E shows gated transmission for the downlink and uplink DPCCHs 
according to an eighth embodiment of the present invention. Shown is a gating 
25 pattern for transmitting a downlink message during gated transmission in the RBS 
mode. 

Referring to FIG. 12E, for the frame period where the downlink message is 
transmitted (i.e., downlink DPDCH transmission period), gated transmission is 
30 discontinued for the pilot and TFCI, and only the TPC continues to undergo gated 
transmission according to the gating pattern. As illustrated in FIG. 12E, for the 
frame period where the uplink message is transmitted (i.e., uplink DPDCH 
transmission period), it is also possible to stop gating the pilot and TFCI, and 
continuously gate the FBI and TPC according to the gating pattern. 

35 

When the mobile communication system performs the gated transmission 
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flinction according to the present invention, it is necessary to be able to control 
transmission power of the DPCCH data even in the gated transmission state. Herein, 
a description will be made of operation in which the mobile station and the base 
station generate and transmit a TPC bit by measuring a signal received from the 
5 other party during gated transmission, and control transmission power of the data 
using the received TPC bit. 

Gating of the DPCCH data is started and ended at the time indicated by the 
upper layer. In the gated transmission mode, the base station and the mobile station 
have the different operation according to whether there exists the DPDCH in the 
DPCH to be transmitted. When the DPDCH is not included in the DPCH, the gated 
transmission controller of the transmission side gates on data of the selected slot in 
the corresponding gating slot group and gates off data of the other slots by 
controlling the DPCCH data. Here, the method for determining the gating position 
of the slots in the gating slot group unit can be performed according to a 
predetermined gating pattern, or the gating position of the slots can also be 
determined in the irregular pattern using the SFN or CFN, as described above. 
Otherwise, when the DPDCH data is existed in the DPCH, the transmitter transmits 
(or gates on) every time slot. However, the receiving side recognizes only the slot in 
the selected gating position out of the slots of the received frame as a valid slot in 
term of power control. Such gated transmission can be applied either only to the 
downlink between the base station and the mobile station, or both to the uplink and 
the downlink. Power control is differently performed for the case where the gated 
transmission is applied only to the downlink and for the case where the gated 
transmission is applied both to the uplink and the downlink. 

The uplink power control includes one method in which the base station 
generates a TPC (Transmit Power Control) bit by measuring a communication 
quality of the uplink, and another method in which the mobile station controls its 
30 transmission power according to the TPC bit transmitted from the base station over 
the downlink. The downlink power control includes one method in which the mobile 
station generates a TPC bit by measuring a communication quality of the downlink, 
and another method in which the base station controls its transmission power 
according to the TPC bit transmitted from the mobile station over the uplink. In 
35 describing the power control method during gated transmission, the time point when 
the TPC bit is generated and transmitted and the time point when the transmission 



15 
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power is controlled using the received TPC bit will be described separately from the 
viewpoint of the base station and the mobile station. 

First, a description will be made of a power control operation for the case 
5 where the gated transmission operation is performed both on the uplink and the 
downlink. 

When the gated transmission operation is performed on the uplink and the 
downlink, since the slots which can be transmitted by the base station and the 
10 mobile station exist in an irregular pattern, power control should be performed 
considering the irregular pattern. FIGS. 17A and 17B show the power control time 
relationship when the gated transmission is performed on both the uplink and the 
downlink 

Uplin k Transmission Po we r Control of Mobile Station 

15 

The mobile station extracts TPC bits from the valid slot last received from 
the base station, i.e., from the gated-on slot of the downlink, and controls 
transmission power of its DPCCH data according to the value of the TPC bits. Here, 
since the valid slot of the downlink may be different from the valid slot of the uplink 
20 according to the type of the irregular gating pattern, the mobile station stores the 
received valid TPC bits and then transmits a transmittable slot, if any, according to 
the stored TPC bits. 

T PC bit Generation and Tra nsmission for Downlink Po we r Control 

25 

The mobile station generates a TPC bit by measuring the communication 
quality of the downlink during the valid (or gated-on) slot of the downlink. The 
generated TPC bit is stored before transmission, until the valid uplink slot is 
transmitted. 

30 

Downli nk Tra nsmission Power C on trol of Base Station 

The base station extracts TPC bits from the valid slot last received from the 
mobile station, i.e., from the gated-on slot of the uplink, and controls its 
35 transmission power according to the value of the TPC bits. Here, since the valid slot 
of the uplink may be different from the valid slot of the downlink according to the 
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type of the irregular gating pattern, the mobile station stores the received valid TPC 
bits and then transmits a transmittable slot, if any, according to the stored TPC bits. 

TPC Bit Generation and Transmission for Uplink Power Co ntrol 

5 

The base station generates a TPC bit by measuring the communication 
quality of the uplink during the valid slot of the uplink. The generated TPC bit is 
stored before transmission, until the valid downlink slot is transmitted. 

10 Next, a description will be made of a power control operation for the case 

where the gated transmission is applied only to the downlink in the mobile 
communication system having the gated transmission function. 

In the mobile communication system, when the gated transmission is 
15 applied only to the downlink, the mobile station continuously transmits the DPCCH 
data, whereas the base station transmits only the slot data in the gating position 
selected in the gating slot group unit. Therefore, the base station should perform a 
power control method being different from that for the case where the base station 
and the mobile station both perform the gated transmission, since the transmittable 
20 slots exist in the irregular pattern. FIGS. 18A and 18B show the power control time 
relationship for the case where the gated transmission is applied only to the 
downlink 

Uplink Transmission Power Control of Mobi le St ation 

25 The mobile station extracts TPC bits from the valid slot last received from 

the base station, i.e., from the slot in the gating position of the downlink selected in 
the gating slot group unit, and controls its transmission power according to the value 
of the TPC bits. Here, since the valid slot of the downlink may be different from the 
valid slot of the uplink according to the type of the irregular gating pattern, the 

30 mobile station stores the received valid TPC bits and then transmits a transmittable 
slot, if any, according to the stored TPC bits. 

TPC Bit Generation and Transmission for D ownl ink Power Control 



35 The mobile station generates a TPC bit by measuring the communication 

quality of the downlink during the valid slot of the downlink. The mobile station 
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immediately transmits the generated TPC bit to the base station, and repeatedly 
transmits the TPC bit until a new TPC bit is generated. The reason for repeatedly 
transmitting the TPC bit is because the base station receives at least one TPC bit 
until the slot where the base station can transmit the downlink, and it is possible to 
5 decrease a TPC error rate by repeated transmission. 

Down l ink Transmission Power Control o f Base Station 

The base station extracts TPC bits received from the mobile station and 
10 controls its transmission power according to the value of the TPC bits. Here, the 
base station can extract the TPC bits using at least one TPC bit repeatedly 
transmitted by the mobile station. 

As described above, in the embodiment of the present invention, it is 
15 possible to control transmission power the base station and the mobile station not 
only for the case where the uplink DPCCH signal is gated and the downlink DPCCH 
signal is not gated or the downlink DPCCH signal is gated and the uplink DPCCH 
signal is not gated, but also for the case where both the uplink and downlink 
DPCCH data is gated. 

20 

As described above, the invention can increase system capacity by 
minimizing the time required in the sync reacquisition process of the base station, 
decreasing interference due to discontinuous transmission of the uplink DPCCH, 
increasing the mobile station battery life time, and decreasing interference due to 
25 transmission of the uplink TPC bits. 

While the invention has been shown and described with reference to a 
certain preferred embodiments thereof, it will be understood by those skilled in the 
art that various changes in form and details may be made therein without departing 
30 from the spirit and scope of the invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A method for transmitting control data on a downlink channel in a 
base station for a mobile communication system, comprising the steps of: 

5 determining whether the base station has downlink and uplink traffic 

channel data; 

driving, if there is no traffic data for a predetermined time period, a random 
position selector to determine a random gating slot position; 

gating on control data at the determined gating slot position; and 
1 0 gating off control data in other slot positions. 

2. The method as claimed in claim 1, wherein the channel data 
comprises a series of frames, each frame includes a plurality of slots, slots in each 
frame are divided into a plurality of gating slot groups, and each gating slot group 

15 has a determined gating slot position. 

3. The method as claimed in claim 2, wherein the frame is comprised 
of 15 slots, the slot group is comprised of 5 slots, and the determined slot position is 
a randomized slot position out of the slots in the slot group. 

20 

4. The method as claimed in claim 2, wherein the frame is comprised 
of 15 slots, and each gating slot group is comprised of 3 slots. 

5. The method as claimed in claim 2, wherein the random position 
25 selector determines the gating slot position by: 

calculating a value x by multiplying a system frame number (SFN) of a 
immediately before the transmission by a specific integer; 

selecting N bits, said N bits being selected starting from a position which is 
at an x-chip distance from a start point of a scrambling code of previous gating slot 
30 group ; and 

determining a gating slot position of the each gating slot group by 
performing a modulo operation on the selected n bits, said modulo operation being 
by a number of slots in the gating slot group. 

35 

6. The method as claimed in claim 2, wherein the random position 
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selector determines the gating slot position using the following equation: 

N(G, C) = [x(*(V. x 2560x1+ G ^ + / j © C ' tkmM) j x 2 15 "' jmodT 

where, G is a gating slot group number; 
5 G prev is a previous gating slot group number; 

C is a Connection Frame Number (CFN) of an ith frame 

(=(qc;qqc;qqc;) 2 );and 

T is a reciprocal of the gating rate. 

10 7. The method as claimed in claim 2, wherein the random position 

selector determines the gating slot position using the following equation except for 
the first gating slot group and last gating slot group: 

s(iJ) = (A J @C i )modS c , j = 0,1,2,., „.N C -1, i = 0,1,.-, 255 

1 5 where, A, is a sequence obtained by applying j bit offset to a fixed sequence; 

Ci tis a sequence obtained by repeating a Connection Frame Number (CFN); 
S 0 is a number of slots in one gating slot group; and 
N G is a number of gating slot groups in one frame. 

20 8. The method as claimed in claim 7, wherein the random position 

selector determines the gating slot position of the first gating slot group except for 
the first slot. 

9. The method as claimed in claim 8, wherein the random position 
25 selector determines the gating slot position of the last gating slot group as the last 

slot. 

10. The method as claimed in claim 2, wherein the gating on control 
data includes a pilot symbol and a TPC (Transmit Power Control) bit. 

30 11. The method as claimed in claim 2, wherein the gating on control 

data includes a TPC (Transmit Power Control) bit located in the determined gating 
slot position and a pilot symbol located in a slot previous to the determined gating 
slot position. 
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12. The method as claimed in claim 1, wherein the base station 
transmits, if there is no data on the downlink and uplink traffic channel for the 
predetermined time period, gating information includes a gating start time and a 
gating rate. 

13. A method for transmitting control data on an uplink channel in a 
mobile station for a mobile communication system, comprising the steps of: 

determining whether the mobile station has uplink traffic channel data to 
transmit to a base station; 

transmitting, if there is no data to be transmitted over the uplink data 
channel for a predetermined time period, a request for gating uplink control data to 
the base station; 

driving, when the mobile station receives gating information including 
gating start time and gating rate from the base station, a random position selector to 
determine a random gating slot position; 

gating on control data in the determined slot position; and 

gating off control data in other slot positions. 

14. A method for gating data using a plurality of slots in an ith frame in 
a stream of frames, wherein each frame includes a plurality of slots and the slots in 
each frame are divided into a plurality of gating slot groups, each gating slot group 
including a plurality of slots, the method comprising the step of: 

transmitting data in a slot position determined by Equations (l)-(3) below, 



where j is a number of a gating slot group in the ith frame; 

where Q is a sequence obtained by repeating a ith connection frame 

number(CFN); and 
where A, is a sequence associated with a jth gating slot group, said 

sequence obtained by applying j bit offset to a given sequence; 
where S G is a number of slots in one gating slot group; and 
where N G is a number of gating slot groups in one frame . 




(1) 
(2) 
(3) 
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15. A method for gating data using a plurality of slots in an ith frame in 
a stream of frames, wherein each frame includes a plurality of slots and the slots in 
each frame are divided into a plurality of gating slot groups, each gating slot group 

5 including a plurality of slots, the method comprising the steps of: 

determining a gating slot position of gating slot groups using the gating slot 
position formula below: 

s(i,j) = {Aj ® C,) modS e , j = 0X2,.,„.N C - 1 
10 where s(i j) is a slot position within a jth gating slot group in a ith 

frame; 

where j is a number of a gating slot group in an ith frame; 
where Q is a sequence obtained by repeating the ith frame 
number(CFN); and 

15 where Aj is a sequence associated with a jth gating slot group, said 

sequence obtained by applying j bit offset to a given sequence; 

gating on Transmit Power Control (TPC) bit at the determined 
gating slot position; and 
gating off the TPC bit at other slots. 

20 

16. The method as claimed in claim 15, wherein the gating on step 
comprises the steps of: 

gating on the TPC bit at the determined gating slot position ; and 
gating on a pilot symbol at a slot located before the determined gating slot 
25 position. 

17. The method as claimed in claim 15, wherein the gating slot position 
determination step further comprises the step of: 

determining a gating slot position in a first gating slot group of an ith frame 
30 by using a formula below: 

s(i, j) = (A . © C, )mod(S c - 1) + 1, j = 0 i = 0,1,...,255 

1 8. The method as claimed in claim 1 5, wherein the gating slot position 
35 determination step further comprises the step of: 
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determiniTig a gating slot position in a last gating slot group of an ith frame 
as last slot. 

19. A method for transmitting gated transmission of uplink dedicated 
physical control channel(DPCCH) data which is formed by series of frames, the 
frame includes plurality of slots, for a mobile communication system, comprising 
the steps of: 

receiving a gating information indicating gating start time and gating rate 
from a base station; 

transmitting the DPCCH slot signal to form a random pattern for a 
predetermined duration. 

20. A method as claimed in claim 19, wherein the random pattern is 
generated by determining gating on slot position using bellow equation; 



where Q is a sequence obtained by repeating the ith frame number; and 
where Aj is a sequence obtained by applying j bit offset to a given 
sequence; 

where S G is a number of slots in one gating slot group; and 
where N G is a number of gating slot groups in one frame . 



21. A base station transmitter in a mobile communication system, in 
which traffic channel data and dedicated physical control channel (DPCCH) data 
each are comprised of a series of frames, and each frame includes a plurality of slots, 
comprising: 

a gating position selector for determining a gating slot position when there is 
no data to transmit on the traffic channel for a predetermined time period, and for 
dividing the slots in each frame into a plurality of gating slot groups, each of said 
gating slot groups having a random gating slot position; 

a gated transmission controller for controlling a DPCCH slot corresponding 




(1) 
(2) 
(3) 
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to the selected gating slot position. 

22. The base station transmitter as claimed in claim 21, wherein the 
gating position selector determining the gating slot positionby using formulas (l)-(3) 
below: 

'(^©C,)mod(S G -l) + l, j = 0 (1) 

sQ,j) = <(A J ®C i )modS G , J = l,2,...,N G -2, i = 0,1,...,255 (2) 

S a -1, j = N G -l (3) 

where j is a number of a gating slot group in the ith frame; 
where C f is a sequence obtained by repeating the ith frame number 
(CFN=i); and 

where Aj is a sequence associated with a jth gating slot group, said 

sequence obtained by applying] bit offset to a given sequence; 
where S G is a number of slots in one gating slot group; and 
where N G is a number of gating slot groups in one frame. 

23. The base station transmitter as claimed in claim 21, wherein the 
gating position selector determining the gating slot positionby using a formula 
below: 

s(ij) = (Aj © C ( .)modS G , j = 0,1,2,.,,, JV C -1, i = 0,1,...,255 

where s(i j) is a slot position within a jth gating slot group in a ith 
frame; 

where j is a number of a gating slot group in the ith frame; 

where Q is a sequence obtained by repeating the ith frame number; 

and 

where Aj is a sequence associated with a jth gating slot group in 
the ith frame, said sequence obtained by applying j bit offset to a given 
sequence. 



30 24. The base station transmitter as claimed in claim 21, wherein the 

gating position selector determining the gating slot positionby using a formula 
below: 
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s(i, j) = (Aj® C l )mod(S c - 1) + 1, j = 0 i = 0,1,. ..,255 
where s(i j) is a slot position within a jth gating slot group in a ith 
frame; 

where j is a number of a gating slot group in the ith frame; 
5 where Q is a sequence obtained by repeating the ith frame number; 

and 

where Aj is a sequence associated with the jth gating slot group, 
said sequence obtained by applying j bit offset to a given sequence. 

10 25. The base station transmitter as claimed in claim 21, wherein the 

gating position selectordetermining the gating slot positionby using a formula 
below: 

s(i, j) = S G -l, j = N c - 1, i = 0,L...,255 

15 where s(ij) is a slot position within a jth gating slot group in a ith 

frame; 

where j is a number of a gating slot group in the ith frame; 

where Q is a sequence obtained by repeating the ith frame number; 

and 

20 where A, is a sequence associated with a jth gating slot group, said sequence 
obtained by applying j bit offset to a given sequence. 

26. The base station transmitter as claimed in claim 22, wherein the 
gated transmission controller gates on a pilot symbol at a slot located before a 
25 determined gating slot, and gates on at least one Transmit Power Control (TPC) bit 
and at least one Transport Format Combination Indicator (TFCI) bit at the 
determined gating slot. 



30 27. A mobile station transmitter in a mobile communication system, in 

which traffic channel data and dedicated physical control channel (DPCCH) data 
each includes a series of frames, and each frame includes a plurality of slots, 
comprising: 

a gating slot position selector for determining a gating slot position when the 
35 mobile station receives gating information includes gating start time and gating rate 
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form a base station, and dividing the slots in each frame into a plurality of gating 
slot groups, each of said gating slot groups having the gating slot position; 

a gated transmission controller for gating on at the determined gating slot 
position and gating off the other slot signal in a gating slot group. 

5 

28. An apparatus for gating data of a plurality of slots in an ith frame in 
a series of frames, wherein each frame includes a plurality of slots and the slots in 
each frame are divided into a plurality of gating slot groups, each gating slot group 
including a plurality of slots, the apparatus comprising: 

10 a first memory for storing a sequence Q, said sequence obtained by 

repeating the ith frame number; 

a second memory for storing a sequence Aj associated with a jth gating slot 
group, said sequence A, obtained by a given sequence; 

a multiplier for performing an exclusive-or operation on the sequences Q 

15 and A,; 

a modulo operator for performing a modulo operation on an output of the 
multiplier, said modulo operation being by a number of slots in a gating slot group, 
where the result is a gating slot position in the jth gating slot group; and 

a gated transmission controller for gating on the data in the determined 
20 gating slot position and gating off the other slot data in the gating slot group. 

29. The apparatus as claimed in claim 28, wherein the gated 
transmission controller transmits Transmit Power Control (TPC) bit at the 
determined gating slot position, and a pilot symbols of a slot located before the 

25 determined gating slot position. 

30. The apparatus as claimed in claim 27, wherein the modulo operator 
determines the gating slot position of the first gating slot groupas one of the slot in 
the first gating slot group except for the first slot. 

30 

3 1 . The apparatus as claimed in claim 28, wherein the modulo operator 
determines the gating positionof the last gating slot group as last slot. 
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METHOD AND SYSTEM IN A TRANSCEIVER FOR CONTROLLING A 
MULTIPLE-INPUT, MULTIPLE-OUTPUT COMMUNICATIONS 
CHANNEL 



Field of the Invention 

The present invention is related in general to 
communication systems, and more particularly to a method and 
system for controlling the transmitting and receiving of multiple data 
streams in a multiple-input, multiple-output communications 
channel. 

Background of the Invention 

Communication system designers are always looking for 
ways to increase the capacity of a communications channel between a 
transmitter and receiver. A communications channel may be defined 
as a system that transmits a sequence of symbols from one point to 
another. For example, a cellular communications system includes a 
channel for wirelessly transmitting a sequence of symbols that 
represent voice or data, back and forth between the telephone system 
and subscriber unit. An increase in the capacity of this channel 
means an increase in the rate of transmitting symbols. And when 
more symbols are transmitted in the same amount of time, voice can 
sound better, and it may take less time to transfer data files. 

To increase the capacity of a wireless communications channel, 
antenna arrays have been used at the transmitter to better focus the 
transmitted energy at the receiver. An antenna array is a group of 



WO 02/082689 PCT/US02/10599 
2 

spaced apart antennas that each transmit an antenna signal that has 
a specific gain and phase relationship with the other antenna signals. 
When the antennas work together transmitting the antenna signals, 
they produce an antenna pattern that is more focused on the receiver 
than a pattern produced by a single antenna. Note that the process of 
changing the gain and phase of a signal to produce antenna signals 
may be referred to as "weighting" the signal using a set of "antenna 
array weights." 

Because antenna arrays may similarly be used at a receiver to 
improve signal quality, use of antenna arrays at both the transmitter 
and receiver has also been proposed to increase channel capacity. 
When multiple antennas are used at the transmitter and receiver, the 
wireless channel between them may be referred to as a multiple-input, 
multiple-output (MIMO) channel. 

Fig. 1 shows a high-level schematic diagram of a 
communications channel, wherein a portion of the communications 
channel is wireless. As shown, x represents user data that will be 
wirelessly transmitted to the receiver. At the receiver, x is represented 
as an estimate of the data, x . User data x may be split to produce a 
vector that represents multiple data streams, xi, X2, ... 

User data x is processed by matrix V to produce adaptive array 
antenna signals z. Each column of matrix V is a vector containing an 
antenna array weight set used to transmit one of the data streams xi. 
Signals z are transmitted from antenna elements of the antenna array, 
through the air, and received at the receiver antenna array as received 
antenna signals r. The air interface between antenna signals z and 
received antenna signals r includes matrix H, which describes the 
effects of the air interface on signals z. The air interface is also 
described by the addition of noise n to signals z. 
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Received antenna signals r are processed in the receiver by 
matrix U' to produce the estimate of data, x . 

With reference now to Fig. 2, there is depicted a two-input, two- 
output MIMO antenna array system. This MIMO system may be used 
to simultaneously transmit two different data streams, x, and x 2 , to a 
single subscriber unit through a "composite channel" H, defined by 
the matrix 




where h (i , i = 1,2, j = 1,2 are complex channel values. Note that the 
term "composite channel" as used herein refers to a complete 
measurement or description of a channel, wherein the effects of all 
combinations of transmit antennas and receive antennas are 
considered. The composite channel may be thought of as the 
aggregation of all channels between pairs of single antennas, defined 
by all pair- wise combinations of transmit and receive antennas. 

When a flat Rayleigh fading channel is assumed, h g are 
complex- valued Gaussian numbers with unity average power, 
£[/i../i*] = l. The received (baseband) vector r (see FIG. 1) can be 
written as follows 

r = Hx + n 

where x = [x, x 2 ] T is the vector of transmitted data streams, and n is 
a vector of noise samples, with additive white Gaussian noise with 
variance cr] . 
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Note that in a noise free channel, both streams can be recovered 
perfectly if channel matrix H is full rank. That is, two equations and 
two unknowns can be solved to recover the unknowns x = [x f x 2 ] T . 
When x = H" J r , both data streams can be recovered and link, or 
channel, capacity can be doubled. For example, a linear architecture 
may use zero forcing receivers to multiply the received vector r, with 
IT 1 . This works well with a high signal-to-noise ratio (SNR), but with 
a low SNR it boosts noise, which is not desirable. 

In another linear receiver architecture, a Minimum Mean 
Square Error (MMSE) receiver may be used to minimize the average 
difference between detected data streams and the received signal. 

While linear and non-linear receiver architectures can both be 
implemented to detect the multiple streams in noisy channels, in 
practical applications, noise in the channel will often require the use 
of non-linear receivers, which are more complicated and expensive to 
build. Examples of non-linear receivers with improved performance 
are Serial-Interference- Cancellation (SIC) receivers and a Maximum 
Likelihood (ML) receivers. Because of their complexity and cost, non- 
linear receivers should be avoided if possible. 

Theoretical MIMO Capacity: 

The capacity of a MIMO system may be shown with the following 
analysis. Suppose the Singular Value Decomposition (SVD) of the 
channel matrix H is given by 

H = USV (1) 



where S is a diagonal matrix composed of the singular values (i.e., the 
square-roots of eigenvalues of H' H or HH' )„ U is an orthogonal matrix 



WO 02/082689 PCT/US02/10599 
5 

with column vectors equal to the eigenvectors of HH' , V is an 
orthogonal matrix with columns equal to the eigenvectors of H'H, and 
the "'" operator is the complex conjugate transpose operation. As an 
example, consider the following composite channel matrix 



The SVD of this composite channel is 



(1.1) 



■-H£5 -Ml So 3 



Referring to Fig. 1, the transmit vector is 

z = Vx (2) 
Thus, the received vector is 

r^Hz + n (3) 
Replacing H and z with (1) and (2), we get 

r = USV'Vx + D = USx + n (4) 

where, since V is an orthonormal matrix, V'V is replaced with 
identity. Next, the received vector is pre-multiplied with U' : 



x^U'USx + U'n 
= Sx + e (5) 



Again, since U is an orthonormal matrix, U'U is replaced with 
identity. Note that the new noise vector, e, has the same covariance 
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matrix as n, because pre-multiplication with an orthonormal matrix 
does not alter the noise covariance. 

If equation (5) is rewritten for the case of 2 transmit antennas, 
and 2 receive antennas it becomes: 

[JH? ^:;M:HS:::J 

where X t are the channel matrix eigenvalues. 

The error free channel capacity based on the Shannon bound is 
well known, and is given by 

C, = log 2 (l + p) bits/symbol (7) 

where p is the channel SNR. From (5) and (6), note that the MIMO 
channel capacity based on the Shannon bound is the sum of the 
capacities per data stream: 



= ZQ = f>g S 1 + Ai,. I bits/symbol 



(8) 



where M is the minimum number of antennas at either the 
transmitter or the receiver. For the 2 transmit antenna, 2 receive 
antenna example, M=2. It is important to note that in (8), the total 
transmit power has been normalized such that it remains the same for 
any number of transmit antennas. The ratio pIM ensures equal 
power transmitted on all antennas, and it maintains the same total 
power for all values of M. 
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In general, equal power transmission of (8) is sub-optimal. The 
total capacity, which is the sum of each data stream capacity, 
C Mmo = ]TC J > can be maximized by increasing the power to the high 

SNR streams, and reducing the power to the low SNR streams, such 
that the total transmit power remains the same. This procedure is 
typically referred to as "waterfilling." 

By including waterfilling weights for optimum power allocation 
per data stream, (8) becomes: 



which is the waterfilling criterion, which is discussed by R.G. Gallager 
in Information Theory and Reliable Communication, New York: John 
Wiley & Sons, 1968. Here, if is a constant determined by iterations, 
and Wi are set accordingly. 

Because transmitters in prior art systems lack data regarding 
the conditions of the composite channel, the performance of these 
systems cannot approach the Shannon bound for the MIMO channel. 
Furthermore, the amount of data needed to describe a composite 
MIMO channel is large, which would consume a large percentage of 
channel capacity when communicated to the transmitter. 

Thus, it should be apparent that a need exists for an improved 
method and system for using feedback to efficiently control data 




where waterfilling weights are computed from 
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transmission and reception in a multiple-input, multiple-output radio 
frequency channel. 



Brief Description of the Drawings 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, however, as 
well as a preferred mode of use, further objects, and advantages 
thereof, will best be understood by reference to the following detailed 
description of an illustrative embodiment when read in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is a high-level schematic diagram of a communications 
channel, wherein a portion of the communications channel is wireless; 

FIG. 2 is a high-level block diagram of a two -input, two-output 
MIMO channel; 

FIG. 3 is a block diagram of a multiple- stream, multiple- 
antenna transmitter that may be used to implement the method and 
system of the present invention; 

FIG. 4 is a more detailed block diagram of antenna array signal 
processor; 

FIG. 5 depicts a receiver for use in a multiple-stream, multiple- 
antenna transceiver system in accordance with the method and 
system of the present invention; 
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FIG. 6 is a high-level logic flowchart that illustrates a feedback 
method in a multiple- stream, multiple-antenna receiver in accordance 
with the method and system of the present invention; 

FIG. 7 is a high-level logic flow chart that illustrates a feedback 
method in a multiple- stream, multiple-antenna transmitter in 
accordance with the method and system of the present invention; 

FIG. 8 is a more detailed logical flow chart that illustrates the 
process for estimating a composite channel and selecting array weight 
sets in accordance with the method and system of the present 
invention; 

FIG. 9 shows simulation results comparing quantized MIMO 
feedback with un-quantizcd, ideal MIMO feedback, in accordance with 
the method and system of the present invention; and 

FIG. 10 shows simulation results for a MIMO transceiver 
system in accordance with the method and system of the present 
invention. 
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Detailed Description of the Invention 

With reference now to FIG. 3, there is depicted a multiple- 
stream, multiple-antenna transmitter that may be used to implement 
the method and system of the present invention. As illustrated, 
transmitter 20 receives user data 22 and transmits user data 22 
using antenna array 24, which comprises antenna elements 26. 

User data 22 enters data splitter 28, which separates the user 
data stream into a plurality of data streams, such as data stream 30 
and data stream 32. While two data streams are shown in FIG. 3, 
data splitter 28 may produce any number of data streams. Data 
splitter 28 splits data in proportion to control signal 34, which is 
produced by controller 36. For example, control signal 34 may specify 
a ratio of 2-to-l, wherein two bits are sent to data stream 30 and one 
bit is sent to data stream 32. This splitting ratio may specify an equal 
number of bits on both streams, or all data bits are sent to one 
stream. 

Data streams 30 and 32 output by data splitter 28 are input 
into error correction encoders 38 and 40. These error correction 
encoders may be implemented with a convolutional encoder, a turbo 
encoder, a block encoder, or the like. The type of encoding, and the 
rate of encoding is controlled by control signal 42, which is output by 
controller 36. Note that control signal 42 may set error correction 
encoders 38 and 40 to the same error encoding schemes, or different 
encoding schemes. 

Outputs of error correction encoders 38 and 40 are coupled to 
inputs of modulators 44 and 46. Modulators 44 and 46 may be 
implemented with linear or non-linear modulation schemes, including 
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all varieties of modulators that modulate amplitude and phase, and 
combinations of amplitude and phase. Examples of modulators that 
may be used include Binary Phase Shift Keying modulators (BPSK), 
Quadrature Phase Shift Keying modulators (QPSK), M-ary phase shift 
keying modulators, M-ary quadrature amplitude modulators (MQAM), 
and the like. 

Control signal 48 selects the type of modulation used in 
modulators 44 and 46. Control signal 48 is produced by controller 
36. According to the present invention, the modulation schemes in 
the data streams may be the same, or different. 

The output of modulators 44 and 46 are coupled to inputs of 
spreaders 48 and 50, respectively. Spreaders 48 and 50 spread the 
signal using spreading code 52, wherein the spreading code is 
assigned to user data 22. 

Outputs of spreaders 48 and 50 are coupled to inputs of power 
allocator 54. Power allocator 54 sets a power ratio between data 
streams 30 and 32 in response to control signal 56 from controller 
36. Power allocator 54 may allocate all power to one data stream, 
equal powers on data streams, or other ratios of unequal power 
allocations.. Power allocator 54 does not allocate power to data 
streams 30 and 32 relative to data streams belonging to other user 
data not shown in FIG. 3. This means that power allocator 54 does 
not allocate an absolute level of power to a user, The absolute power 
allocated to each data stream, and each user, is determined by 
available power in power amplifiers and other control functions not 
shown in FIG. 3. 

Outputs of power allocator 54 are coupled to inputs of antenna 
array signal processor 58, which further processes the data streams 
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by applying antenna array weight sets to each data stream. These 
antenna array weight sets come from controller 36 via control signal 
60. By applying the antenna array weight sets to data streams 30 
and 32, antenna array signal processor enables the transmission of 
each data stream with a different antenna array pattern. 

The outputs of antenna array signal processor 58 include 
weighted components of the input data streams. For example, output 
62 may include a phase-and-gain weighted portion of data stream 30 
added, together with a phase-and-gain weighted portion of data stream 
32. The number of weighted outputs from antenna array signal 
processor 58 may be equal to or greater than the number of data 
streams. While the number of outputs of antenna array signal 
processor 58 may be greater than the number of data streams input, 
the number of data streams transmitted remains the same. 

With reference now to FIG. 4, there is depicted a high-level 
block diagram of antenna array signal processor 58. As shown, data 
streams 30 and 32 enter antenna array signal processor 58, wherein 
a copy of each data stream is sent to a gain multiplier corresponding 
to an antenna element that will be used in an antenna array. In the 
example shown in FIG. 4, two antennas will be used in the antenna 
array, therefore copies of each data stream are sent to two gain 
multipliers 80. 

Following each gain multiplier 80 is a phase shifter 82, which 
rotates the phase of the signal according to a control signal input. 
Outputs of phase shifters 82 are coupled to summers 84, which add 
the weighted data streams to produce output signals 62 and 64. 

Control signal 60 (see FIG. 3) includes a plurality of antenna 
array weight sets, wherein one antenna array weight set is associated 
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with each data stream. For example, control signal 60 includes 
weight set signals 86 and 88. Weight set signal 86 includes gain and 
phase weights (i.e., complex weights) for each gain multiplier SO and 
phase shifter 82 associated with data stream 30. Thus, the outputs 
of phase shifters 82 associated with data stream 30 produce antenna 
signals that provide a selected antenna pattern for data stream 30. 
Similarly, weight set signal 88 includes phase and gain weights for 
each gain multiplier 80 and phase shifter 82 associated with data 
stream 32. In the outputs of phase shifters 82 associated with data 
stream 32 produce antenna signals for driving an antenna array with 
a selected pattern for data stream 32. 

In order to produce desired antenna patterns for each data 
stream, gain multipliers 80 associated with a data stream may have 
different gain values and phase shifters 82 associated with a data 
stream may have different phase shift values, whereby producing 
antenna signals that work together to form a particular transmission 
pattern. 

In some embodiments of transmitter 20, output signals 62 and 
64 may be up-converted, amplified, and coupled to two antenna 
elements 26. However, in the embodiment shown in FIG. 3, 
multiplexer 66 is used to couple output signals 62 and 64 to selected 
antenna elements 26 in response to control signal 68 from controller 
36. This means that control signal 62 may be coupled to any one of 
antenna elements 26 in antenna array 24, while output signal 64 is 
coupled to one of the remaining antenna elements 26. 

Controller 36 outputs control signals 34, 42, 48, 56, 60, and 
68 based upon information received from feedback receiver 70, and 
data stored in memory 72. Feedback receiver 70 is shown coupled to 
antenna 74 for receiving feedback data from a remote receiver, such 



WO 02/082689 PCT/US02/10599 
14 

as the receiver shown in FIG. 5. While antenna 74 is shown separate 
from antenna array 24, one of the antenna elements 26 of array 24 
may be used to receive the feedback data. 

Feedback data from feedback receiver 70 may include a 
codebook index, which may be used by controller 36 to lookup 
transmission parameters in codebook 76 within memory 72. 

Controller 36 may also be used to calculate, or derive, 
additional control signals or transmission parameters based upon 
feedback data. Therefore, it should be understood that feedback data 
may include measurements upon which calculations may be based, or 
data that indicates parameters to be used in transmitter 20. 

With reference now to FIG. S, there is depicted a receiver for use 
in a multiple-stream, multiple-antenna transceiver system in 
accordance with the method and system of the present invention. As 
shown, receiver 98 includes antenna array 100 having elements 102 
that receive radio frequency signals 104 and 106. Received RF 
signals 104 and 106 are most likely different signals because antenna 
elements 102 are spaced apart, and propagation paths taken by 
received RF signals 104 and 106 from antenna elements 26 of 
transmitter 20 are most likely different in a multi-path fading 
environment. 

In the multiple-stream, multiple-antenna transceiver system 
that is made up of transmitter 20 and receiver 98, multiple data 
streams are transmitted to increase the data throughput between 
transmitter 20 and receiver 98. Transmitter 20 is able to 
simultaneously transmit multiple data streams, and receiver 98 is 
able to keep the multiple streams separate by exploiting the 
differences in the channel characteristics between the multiple 
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antennas at transmitter 20 and receiver 98. Thus, user data 22 in 
transmitter 20 is received by receiver 98 and output as estimated user 
data 108. 

Received RF signals 104 and 106 are input into radio frequency 
receiver front end 110, wherein the radio frequency signals are down 
converted and digitized. The output of radio frequency receiver front 
end 110 is a stream of complex baseband digital samples that 
represent received RF signals 104 and 106. 

The outputs of radio frequency receiver front end 110 are input 
into receiver signal processor 112, which has the function of 
separating data streams 30 and 32 (See FIG. 3) in receiver 98. In one 
embodiment of the present invention, receiver signal processor 112 
may be implemented by multiplying the input signals by the complex 
conjugate transpose of the U matrix, which is the left singular vectors 
of the singular value decomposition of the composite channel matrix 
H. Receiver signal processor 112 is controlled by control signal 115 
from controller 113. 

The data streams output by receiver signal processor 112 are 
input to despreaders 114 and 116, which despread the signals using 
spreading code 52, which is the same spreading code used in the 
transmitter. The outputs of despreader 114 and 116 are coupled, 
respectively, to the inputs of demodulator and decoders 118 and 120. 
Each demodulator and decoder 118 and 120 demodulates the signal 
and decodes the signal using demodulation and error correction 
decoding techniques that compliment those selected for each data 
stream in the transmitter. Thus, the type of demodulator and decoder 
functions used depends upon what was used in transmitter 20, as 
indicated by control signal 122 from controller 113. Demodulators 
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and decoders 118 and 120 may be the same function, or may be 
different functions. 

The outputs from demodulator and decoder 118 and 120 are 
input into combiner 124, which combines the multiple streams 
received back into a single stream for output as estimated user data 
108. Combiner 124 operates under the control of controller 113, as 
directed by control signal 126. Because the received data streams 
may have different data rates, and because one data stream may have 
a data rate equal to zero, combiner 124 must reconstruct the user 
data in accordance with the way data was originally split by data 
splitter 28 in transmitter 20 in PIG. 3. 

In order to control the transmission of multiple data streams via 
multiple antennas at the transmitter, receiver 98 must measure the 
composite channel and send feedback data to the transmitter. As 
shown, outputs of radio frequency front end 110 are also coupled to 
composite channel estimator 128, which uses pilot signals 
transmitted from each antenna element 26 in transmitter 20 to 
measure the composite channel between the multiple input antennas 
and multiple output antennas. The function of composite channel 
estimator 128, and many of the other functional blocks in the data 
feedback portion of receiver 98, are described in more completely in 
reference to FIG. 8, below. 

The output of composite channel estimator 128, which is 
represented by the H matrix, is input into V matrix computer and 
selector 130. The "computing function" of block 130 computes V, 
which is a matrix describing desired antenna array weight sets to be 
used for each data stream in transmitter 20. The desired antenna 
array weight sets are computed based upon the composite channel 
measurement. 
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The "selector function" of block 130 is a quantizing function 
that selects antenna array weight sets that most closely match the 
desire antenna array weight sets. By performing quantization, the 
amount of feedback data required to instruct transmitter 20 how to 
transmit over the MIMO channel may be reduced. 

The selected antenna array weight sets output by computer and 
selector 130 are input into SNR computer and power allocator 132, 
wherein a signal to noise ratio is computed for each data stream 
hypothetically transmitted using the selected antenna array weight 
sets. Based upon the SNR computations, the power allocation 
function of block 132 allocates power to each data stream, wherein 
the power is allocated to maximize the data throughput based upon a 
waterfilling algorithm. Once power has been allocated to each data 
stream, final SNR calculations may be performed using the selected 
power allocation. 

Modulator and coder 134 receives information from SNR 
computer and power allocator 132 that it uses to select an encoding 
scheme and a modulation scheme to be used in transmitter 20. 
Generally, higher order modulators are selected for data streams 
having high signal-to-noise ratios. 

Feedback transmitter 136 receives information from the V 
matrix computer and selector 130, SNR computer and power allocator 
132, and modulator and coder selector 134. This data represents 
calculations and selections made in receiver 98 that will be used to 
control the transmission modes of transmitter 20. In a preferred 
embodiment, feedback transmitter 136 analyzes the data and selects 
a codebook value associated transmitter parameters that most closely 
match the transmitter parameters represented by the input data. 
Therefore, feedback transmitter 136 may include codebook 138 for 
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producing a codebook value that is transmitted to transmitter 20 via 
antenna 140. Although antenna 140 is shown separate from receive 
antenna array 100, antenna 140 may be one of the antenna elements 
102 in receive antenna array 100. Data transmitted by feedback 
transmitter 136 is received in transmitter 20 by feedback receiver 70. 

With reference now to FIG. 6, there is depicted a high-level logic 
flowchart that illustrates a feedback method in a multiple-stream, 
multiple-antenna receiver in accordance with the method and system 
of the present invention. As illustrated, the process begins at block 
300, and thereafter passes to block 302 wherein the composite 
channel between the multiple -antenna transmitter and the multiple- 
antenna receiver is measured. This measurement results in the 
formation of the H matrix that is made up of complex channel values, 
representing gains and phases, as discussed above in reference to 
FIG. 2. The composite channel measurement is made by analyzing 
received antenna signals r (See FIG. 1) that include received pilot 
signals transmitted by each antenna at the transmitter. 

Next, the process selects an antenna array weight set associated 
with each data stream in response to the composite channel 
measurement, as depicted at block 304. Note that each 
simultaneously transmitted data stream has an associated set of 
weights that are used for each array antenna at the transmitter. Each 
antenna array weight set is used to produce an antenna pattern for 
the associated data stream. 

In a preferred embodiment, selected antenna array weight sets 
are determined by calculating the right singular vectors of the SVD of 
composite channel matrix H. This process is more completely 
described with reference to FIG. 8. To reduce the amount of data 
needed to represent the antenna array weight sets, the desired weight 
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sets are compared to weight sets in a codebook, and one or more 
codebook weight sets having the closest distance are selected. The 
codebook indicator may represent a single antenna array weight set, 
or a combination of antenna array weight sets. 

Note that if predefined combinations of antenna array weight 
sets are used, a first amount of information may be transmitted to 
describe a first antenna array weight set, and a second amount of 
information may be transmitted to describe a second antenna array 
weight set, wherein the second amount of information may be less 
than the first amount of information. Similarly, if a second antenna 
array weight set is restricted, or constrained, to a have a predefined 
relationship to a first antenna array weight set, the amount of 
information needed to describe the second set is less than that needed 
to describe the first. 

Once selected, the antenna array weight sets are transmitted to 
the transmitter, and the transmitter uses the weights to produce 
selected antenna patterns for each data stream, as illustrated at block 
306. Because of the volume of data that may be needed to represent 
a complex weight for each antenna, for each data stream, it may be 
advantageous to use techniques that reduce the number of data bits 
transmitted from the receiver to the transmitter. As mentioned above, 
a codebook may be used to store several, predefined antenna array 
weight sets. The number of antenna array weight sets available will 
determine the resolution of the quantizing process that takes an ideal 
set of weight sets and maps it to one of the available antenna array 
weight sets. Note that quantizing errors may become excessive if the 
number of available antenna array weight sets is too small. 

As mentioned above, another way to reduce the amount of 
feedback data is to constrain the transmitter to transmitting antenna 
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patterns that have selected relationships with one another. For 
example, in a preferred embodiment, the antenna patterns at the 
transmitter may be constrained to be orthogonal to one another. 
Thus, by specifying a first antenna pattern, any remaining patterns at 
the base may be calculated, at least partially, according to the 
constraint relationships. Therefore, in a transmitter that transmits 
two data streams, if a first antenna pattern is specified, the antenna 
pattern for the second data stream may be derived, or calculated, so 
that the second pattern is constrained to be orthogonal to (or have low 
correlation with) the first. 



Details on V Quantization 

The simplest method of quantizing a matrix is to quantize each 
element of the matrix individually. Unfortunately, this method is 
inefficient and will require the greatest number of feedback bits for a 
desired performance. V may be quantized with two basic approaches: 
"block" and "incremental" quantization. In the first approach, all 
columns of V are quantized at once. In the second approach, columns 
of V are quantized incrementally. 

Block V Quantization 

Because the V matrix is orthonormal, it has some structure that 
can be exploited to reduce the amount of feedback. For the 2-antenna 
transmitter and 2-antenna receiver case, the V matrix can be written 
as 
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where 



a = cos -1 (v n ), 
0 = Zv„. 

The entire V matrix can be represented by two real parameters. 
Using this representation, there is a sign ambiguity in the second 
column vector that must be handled at the receiver. Fortunately, the 
transmission remains orthogonal and an MMSE receiver handles the 



sign ambiguity automatically. The parameters ere 0,— and 9 e [0,2;r] 



are uniformly quantized to a desired level. Figure 5 shows that 
quantizing V with 5 bits (3 for 0, 2 for «) and using an MMSE receiver 
is within 0.4 dB of the unquantized case. 

In general, a codebook of V matrices can be created and 
indexed. A technique such as vector quantization can be used to 
generate the codebook and also to create an efficient mapping between 
V and the codebook. Parametric quantization as used in the 2x2 case 
can also be extended to larger V matrices. 

Incremental V Quantization 

In this approach, the columns of V are repeatedly drawn from a 
codebook of antenna array weights. (For example, one may use the 
TX AA codebooks from the 3GPP standard, release 99, or extensions of 
these codebooks.) The correlation properties of the columns of V are 
mirrored by selecting successive antenna array weight sets from 
increasingly smaller subsets of the codebook. As will be shown below, 
this constrained search reduces the amount of feedback data. 




WO 02/082689 PCT/US02/10599 
22 

The column of V corresponding to the highest quality stream is 
selected first. This column is selected as the antenna array weight set 
that produces the maximum power at the receiver. The entire 
codebook is searched for this weight set. 

Next, a second column of V is selected. A subset of the antenna 
array codebook may be found by searching for a codebook entries that 
have a correlation below a desired correlation threshold. The 
correlation threshold may be set to zero to select an orthogonal 
subset. Then, the antenna array weight set that produces maximum 
power at the receiver is selected from the low correlation subset of the 
codebook. 

If there are three data streams, the third column of V is 
selected from a subset of the subset of codebook entries that was 
searched for the second column of V. The subset contains antenna 
array weight sets with low correlation against the subset searched for 
the second column. This process continues for all streams. 

Since successive columns of V are searched from successively 
smaller subsets of the antenna array codebook, successive columns of 

V can be represented with fewer feedback bits. In a 4-eIement 
antenna array codebook with 64 entries, the antenna array weight set 
for the first column of V can be represented with log2(64) = 6 bits. By 
selecting an appropriate correlation threshold, the second column of 
V's weight set can be represented with 4 bits, a third column with 2 
bits, and the fourth column with 0 bits (only 1 antenna array weight 
set is possible, given the correlation threshold constraint and the 
choice of the other 3 antenna array weight sets.) Therefore, the entire 

V matrix can be quantized with 12 bits. 
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The size of codebook subsets may not be integer powers of two 
(since their size is determined by the correlation threshold), which 
means that the successively computed weight sets are not efficiently 
quantized using an integer number of bits to separately represent 
each weight set. In this case, alternate embodiments may jointly code 
the weight sets using vector quantization, or use variable length code 
words to reduce the number of bits required to represent the entire V 
matrix. Note that these alternate embodiments still draw the antenna 
array weight sets from subsets of a single codebook of antenna array 
weight sets, with the difference being the source coding used to reduce 
the number of bits required to represent the V matrix. 

In addition to feeding back selected antenna array weight sets, 
the receiver may also feedback data that allows the transmitter to 
select a forward error correction coding scheme, a modulation scheme, 
a power allocation for each data stream, and a selection of antennas 
in the transmit antenna array. 

As shown in block 308, the process may select a data rate for 
each data stream in response to the composite channel measurement, 
the selected antenna array weight set, and SNR for each data stream. 
In a preferred embodiment, the SNR for each data stream is used to 
lookup a combination of encoding and modulation techniques 
according to calculated performance curves, and assuming equal 
power is available for both data stream. This lookup will provide an 
aggregated data throughput. This throughput value is compared to a 
second lookup assuming that all the power is used in the data stream 
having the highest signal to noise ratio. The second lookup gives a 
second data throughput, and the encoding and modulation scheme at 
the particular power setting is selected based upon the maximum 
throughput. 
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In a preferred embodiment, the codebook shown in table 1 
below may be used in a system that sends four bits of feedback from 
the receiver to the transmitter in order to specify modulation and error 
encoding schemes for each data stream, and power allocation for each 
data stream. Note that antenna array weight sets are not included in 
the codebook of table 1 . 



Configuration # 


Modulator #1 


Code #1 


Modulator #2 


Code #2 Power 1 


Power 2 


1 


QPSK 


R=l/2 




R=l/2 1 


0 


2 


QSPK 


R=l/2 


QPSK 


R=l/2 0.5 


0.5 


3 


16 QAM 


R=l/2 




R=l/2 


1 


0 


4 


16 QAM 


R=l/2 


QPSK 


R=l/2 


0.5 


0.5 


5 


16 QAM 


R=l/2 


16 QAM 


R=l/2 


0.5 


0.5 


6 


64 QAM 


R=I/2 




R-l/2 


1 


0 


7 


64 QAM 


R=l/2 


QPSK 


R=l/2 


0.5 


0.5 


8 


64 QAM 


R=l/2 


16 QAM 


R=l/2 


0.5 


0.5 


9 


64 QAM 


R-l/2 


64 QAM 


R=l/2 


0.5 


0.5 


10 


256 QAM 


R=I/2 




R-l/2 




0 


11 


256 QAM 


R-l/2 


QPSK 


R=l/2 


0.5 


0.5 


12 


256 QAM 


R=l/2 


16 QAM 


R=l/2 


0.5 


0.5 


13 


256 QAM 


R-l/2 


64 QAM 


R=l/2 


0.5 


0.5 


14 


256 QAM 


R=l/2 


256 QAM 


R-l/2 


0.5 


0.5 



Table 1 



After the data rate is selected, the process transmits the 
selected data rate to the transmitter so the transmitter can select data 
encoding and modulation schemes for each data stream, as illustrated 
at block 310. In a preferred embodiment of the invention, the receiver 
computes data rates, encoding schemes, modulation schemes, and 
power levels for each data stream, and transmits data that indicates 
these selections to the transmitter. In an alternative embodiment, the 
receiver may transmit measurements, or data based upon 
measurements, to the transmitter so that the transmitter may select a 
data rate, an encoding scheme, a modulation scheme, and a power 
allocation for each data stream. 
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Once the feedback data is transmitted from the receiver to the 
transmitter, the process ends, as depicted at block 312. Although an 
end to the receiver feedback process is shown at block 312, the 
process may iteratively continue in the receiver, beginning again at 
block 302 with new composite channel measurements. 

With reference now to FIG. 7, there is depicted a high-level logic 
flow chart that illustrates a feedback method in a multiple- stream, 
multiple-antenna transmitter in accordance with the method and 
system of the present invention. As illustrated, the process begins at 
block 400, and thereafter passes to block 402 wherein the process 
transmits a pilot signal on each antenna of the antenna array. Each 
pilot signal is distinguishable from the others. For example, different 
spreading codes may be used, or the same spreading code may be 
shifted in time relative to the other array antennas. These pilot 
signals provide a reference signal for the composite channel 
measurement. 

Next, the process receives indications of a selected array weight 
set, with one set per data stream, as illustrated at block 404. The 
indications of selected array weight sets may be data that describe a 
set of gains and phases for antenna signals for each antenna, with a 
set for each data stream in the transmitter. In a preferred 
embodiment, the selected array weight sets used for each data stream 
may be specified through the use of a codebook value received from 
the receiver, wherein the codebook value is used to lookup preselected 
sets of array weights. 

Similarly, the process receives data that indicates data rates for 
each data stream, as depicted at block 406. By indicating the data 
rate for each stream, the feedback data may also be indicating an 
encoding scheme, and a modulation scheme. The relationship 
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between data rates and encoding and modulation schemes exists 
because different encoding and modulation schemes have different 
capacities. Therefore, the selection of a data rate may force the 
selection of particular encoding and modulation schemes. 

Next, the process receives an indication of power allocation for 
each data stream, as illustrated at block 408. Note that a codebook 
value may be used as the "indicator'' that indicates data rates and 
power allocation for each data stream. As discussed above, a single 
codebook value may be used to specify an encoding scheme, a 
modulation scheme, and a power allocation. In some embodiments, 
specifying a data rate alone may specify the encoder, modulator, and 
power allocation. For example, if the data rate selected was zero, no 
power is allocated and the encoding and modulation schemes are 
irrelevant. 

After receiving the feedback data, the process selects power 
settings, and encoding and modulation schemes for each data stream, 
as depicted at block 410. In this step, these parameters may be 
selected according to a codebook value received. In alternative 
embodiments, some of these parameters may be calculated or derived 
from the feedback data received. For example, if the antenna pattern 
of the first data stream is indicated, the process in the transmitter 
may derive or calculate an antenna pattern used for the second data 
stream. This may be done when, for example, the second stream is 
constrained to be orthogonal to the first stream. 

Once transmit parameters are selected as shown in block 410, 
the process separates input data into data streams according to 
selected data rates supported by encoding and modulation schemes 
selected for each data stream, as depicted at block 412. This process 
is implemented in data splitting function 28 shown in FIG. 3. As an 
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example, If data stream 1 operates at twice the rate of data stream 2, 
then two symbols are sent to data stream 1 and a single symbol is 
sent to data stream 2. Similarly, if one data stream has zero power 
allocated, all the data symbols are sent to the remaining data streams 
having some power allocated. 

Next, the process encodes each data stream, as illustrated at 
block 414. The process of encoding may be implemented with a block 
coder, a convolutional coder, a turbo coder, and the like. 

After encoding, each data stream is modulated, as depicted at 
block 416. This modulation may be implemented using a BPSK 
modulator, a QPSK modulator, a M-PSK modulator, a M-QUAM 
modulator (where M is the number of constellation points), and the 
like. 

Following the modulating step, the process modifies the gain 
and phase of each modulated data stream according to respective 
selected array weight sets to produce data stream antenna signals for 
each array antenna, as illustrated at block 418. Examples of data 
stream antenna signals are the outputs of phase shifters 82 in Fig. 4. 
The number of data stream antenna signals produced in this step 
equals the number of data streams times the number of antenna 
elements in the antenna array. 

After producing data stream antenna signals for each array 
antenna, the data stream antenna signals associated with the same 
array antenna are summed to produce antenna signals, as depicted at 
block 420. Examples of antenna signals are the outputs of summers 
84 in Fig. 4. These antenna signals are combinations of signals from 
each data stream that have been weighted in gain and phase 
according to the selected array weight sets. This complex combination 
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of signals is more concisely described according to the V matrix used 
in the transmitter, which is discussed above in relation to FIG. 1. 

Finally, the antenna signals for each antenna are transmitted, 
as illustrated at block 420. The transmission step includes further 
processing, upconversion, and amplification needed for radio 
frequency transmission. 

The feedback method ends, as depicted at block 424. Although 
the process is shown with an end, the process may iteratively repeat 
in the transmitter in order to update each antenna pattern for each 
data stream in response to varying channel conditions. 

Turning now to FIG. 8, there is depicted a more detailed logical 
flow chart that illustrates the process for estimating a composite 
channel and selecting array weight sets, which is shown at a higher 
level in FIG. 6. As illustrated, the process begins at block BOO, and 
thereafter passes to block 502 wherein the process estimates channel 
matrix H using received pilot signals, wherein a pilot signal is 
transmitted from each transmitter antenna. Pilots may or may not be 
orthogonal, but they are selected so that they are distinguishable at 
the receiver. 

Next, the process computes a singular valve decomposition of 
matrix H to find matrix V, wherein H = USV T , as depicted at block 
504. Transmitting with this V matrix allows operation of the MIMO 
channel at near Shannon capacity for MIMO. 

Thereafter, the process selects an index for a quantized V 
matrix, as illustrated at block 506. The quantizing may be preformed 
by a codebook lookup, or other methods, discussed above. Note that 
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the quantized V matrix represents selected antenna array weight sets. 
Antenna array weight sets may be quantized as a group, or separately. 

After quantizing, the process estimates a signal-to-noise ratio 
(SNR) of each data stream based on the transmitter using the 
quantized V matrix, and assuming equal power streams, as depicted 
at block 508. 

Next, the process uses the estimated SNR to determine power 
allocation of each data stream using a waterfilling algorithm, as 
illustrated at block 510. An alternative to waterfilling is a brute-force 
search of all quantized possibilities. In a preferred embodiment, this 
parameter can be quantized to a low number of bits. For example, a 
reasonable choice for power allocation may be one-bit indicator for 
both streams "on", or only one stream "on" and the other "off. 

Based on the power allocation for each stream, and the 
estimated SNR for each stream, the process next selects the coding 
method and modulation method, as depicted at block 512. This may 
be implemented with a lookup that maps every SNR range to a 
modulator-encoder combination. In general, the coding and 
modulating is adapted for each data stream according to the channel 
quality. For example, if high channel quality is indicated by a high 
SNR, the modulator may be set to 16-QAM; otherwise, QPSK 
modulation may be selected. 

Finally, the process transmits, to the transmitter, indicators for 
a quantized V matrix, a power allocation for each stream, and coding 
and modulation methods, as illustrated at block 514. In a preferred 
embodiment, the process uses a codebook to indicate quantized 
antenna array weight sets, and other modulation parameters. 
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As depicted, the process ends at block 516. 
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Referring again to FIG. 3, the number of antennas used by 
transmitter 20 is equal to the number of outputs from antenna array 
signal processor 58. As shown in PIG. 3, antenna array signal 
processor 58 has two outputs, output signals 62 and 64. 

As mentioned earlier, output signals 62 and 64 may be 
transmitted from two antennas, or multiplexer 66 may be used to 
select two antennas to form an antenna array from a larger number of 
"available antennas", such as the four antenna elements 26 shown in 
antenna array 24. Thus, in some embodiments of the present 
invention, there exists a set of available antenna elements, from which 
a subset of the "available antenna elements," from which a subset of 
the available antenna elements may be selected to form "an antenna 
array", wherein the antenna array comprises antenna elements 
actually used to transmit the multiple data streams. 

While the embodiment in FIG. 3 shows multiplexer 66 for 
selecting antennas, alternative embodiments may use the V matrix to 
select antennas mathematically by multiplying signals by zero, or non- 
zero values according to the matrix elements. 

In order to select the antenna elements from the set of available 
antenna elements, receiver 98 measures a composite channel that 
includes all channels between all pair-wise selections of all available 
antenna elements and all antenna elements at the receiver. Thus, in 
FIGS. 3 and 5, between transmitter 20 with 4 available antennas and 
receiver 98 with 2 receive antennas, the composite channel 
measurement forms a composite channel matrix H that is four rows 
by two columns. 
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At the transmitter, there are 6 ways to choose 2 antennas from 
a set of 4 available antennas. The antenna array is formed with the 
pair that yields the highest capacity composite channel. The selection 
process may be described by the following expression: 



where (without using waterfilling) half power is allocated to each data 
stream, ct 2 is the noise variance, I is the 2x2 identity matrix, and 



To select one of the six pairs, three feedback bits are required. 
In order to reduce the feedback data even more, two bits can be used 
to select one of four pairs. 

The receiver next considers all two-by-two combinations of 
transmit and receive antennas, wherein there are six possible 
combinations of two transmit antennas and two receive antennas. For 
each of the six combinations, an aggregate data rate is computed, 
wherein the aggregate data rate is the total data rate provided by 
adding the data rate of data stream 1 and the data rate of data stream 
2. By ranking the aggregate data rates, the antenna combination that 
supports the highest data rate may be selected. 

In an alternative embodiment of transmitter 20, antenna array 
signal processor 58 may use a V matrix that produces four outputs to 
drive four antennas in an antenna array. However, the amount of 
feedback data necessary to support selection of antenna array weight 




(10) 
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sets for a four-output V matrix begins to consume an unacceptable 
percentage of capacity of the link used for feedback data. Therefore, a 
two-output V matrix is used to drive two antennas that are selected 
from an available set of four antennas. The two antennas that are 
selected support the highest aggregate data rate between transmitter 
20 and receiver 98. In the transmitter that selects antenna elements 
from a larger set of available antenna elements a trade-off has been 
made between reducing uplink feedback data and reducing downlink 
performance. 

It should be appreciated from the discussion above that the 
present invention makes it possible to increase a data rate between a 
transmitter and receiver using a multiple-input multiple-output radio 
frequency channel. The feedback method disclosed is a practical 
solution to controlling a MIMO transceiver. 

Advantages of using the MIMO radio frequency channel include 
the ability to double an effective data throughput without using 
additional communication resources, such as spreading codes, power, 
and bandwidth, and without employing higher order modulators. In 
other words, using the same communication resources, with the same 
modulator, the throughput can be doubled by effectively controlling 
the MIMO radio frequency channel. This effective control of the 
channel involves transmitting multiple data streams in a way that 
they can be separated from one another at the receiver. This MIMO 
channel control exploits specific knowledge of the channel gained by 
measuring a composite channel between the transmitter and receiver. 
Furthermore, proper control of the MIMO channel enables the use of 
linear receivers, rather than the more complex or expensive non-linear 
receiver. By transmitting the signal vector x along the channel 
eigenmodes (i.e., transmitting z=Vx rather than x), we can completely 
separate the two streams without using non-linear detectors. Thus, 
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with the proper control of the MIMO channel, the non-linear receiver 
has no substantial advantage over the linear receiver. 

Fig. 9 shows simulation results comparing quantized MIMO 
feedback with un-quantized, ideal MIMO feedback. There is little 
degradation due to quantizing. 

Fig. 10 shows simulation results for a MIMO transceiver system 
described above. The codebook used for this simulation is found in 
Table 1. The V matrix is selected with 5 feedback bits, and the 
encoding, modulation, and power allocation are selected with 4 
feedback bits. The simulation results show that a MIMO system with 
9 bits of feedback performs about 4 dB from the theoretical MIMO 
Shannon bound. Note that if some combinations of modulator, coder, 
and power allocation occur infrequently, they can be removed with a 
small loss in performance, which further reduces the feedback bits 
needed. 

The foregoing description of a preferred embodiment of the 
invention has been presented for the purpose of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Obvious modifications or 
variations are possible in light of the above teachings. The 
embodiment was chosen and described to provide the best illustration 
of the principles of the invention and its practical application, and to 
enable one of ordinary skill in the art to utilize the invention in 
various embodiments and with various modifications as are suited to 
the particular use contemplated. All such modifications and 
variations are within the scope of the invention as determined by the 
appended claims when interpreted in accordance with the breadth to 
which they are fairly, legally, and equitably entitled. 
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Claims 

What is claimed is: 

1. A feedback method in a multiple-stream, multiple- 
antenna receiver, the method comprising the steps of: 

measuring a composite channel between a multiple-antenna 
transmitter and a multiple-antenna receiver to produce a 
composite channel measurement; 

selecting a plurality of antenna array weight sets for use in the 
multiple-antenna transmitter in response to the composite 
channel measurement, wherein each antenna array weight set 
is associated with one of multiple data streams; and 

transmitting information describing the plurality of antenna array 
weight sets for use in the multiple-antenna transmitter. 

2. The feedback method of claim 1, wherein the step of selecting 
a plurality of antenna array weight sets further includes selecting a 
plurality of antenna array weight sets having a cross correlation less 
than the inverse of a number of antenna elements in the antenna 
array of the multiple-antenna transmitter. 

3. The feedback method of claim 1 further including the 
steps of: 

selecting a data rate for each data stream in response to the 
composite channel measurement; and 

transmitting information describing the data rate selection for use 
in the multiple-antenna transmitter. 
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4. The feedback method of claim 1 further including the 
steps of transmitting information used to describe a quality of each 
data stream for use in the multi-antenna transmitter. 

5. The feedback method of claim 1 wherein the step of 
selecting the plurality of antenna array weight sets further includes 
the steps of: 

selecting a first antenna array weight set from a codebook having a 
plurality of preselected antenna array weight sets; and 

selecting a second antenna array weight set from a subset of the 
codebook. 

6. The feedback method of claim 1 further including the 
steps of: 

measuring a composite channel between a multiple-antenna 
transmitter and a multiple-antenna receiver to produce a 
composite channel measurement, wherein pilot signals are 
received from M number of available antennas at the multiple - 
antenna transmitter; 

selecting N antennas to be used at the transmitter, from M number 
of available antennas, in response to the composite channel 
measurement, wherein the N selected antennas will be used to 
form the antenna array at the multiple-antenna transmitter. 

7. A feedback method in a multiple-stream, multiple- 
antenna transmitter, the method comprising the steps of: 

splitting user data to produce multiple data streams; 



transmitting a pilot signal from each antenna of an antenna array; 
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receiving indications of a selected antenna array weight set for each 
of the multiple data streams, wherein each antenna array 
weight set includes weights associated with each antenna of the 
antenna array; 

using the selected antenna array weight sets, weighting each data 
stream to produce antenna signals for each antenna in the 
antenna array; and 

transmitting the antenna signals, wherein the multiple data 
streams are transmitted. 

S. The feedback method of claim 7 further including the 
steps of: 

encoding and modulating each of multiple data stream to produce 
modulated data streams; and 

using the selected antenna array weight sets, weighting each 
modulated data stream to produce antenna signals for each 
antenna in the antenna array. 

9. The feedback method of claim 7 further including the 
steps of: 

receiving indications of a selected data rate for each data stream; 

splitting data in proportion to the selected data rates for each data 
stream; and 

transmitting multiple data streams using the selected data rates 
for each data stream. 



10. The feedback method of claim 9 further including the 
steps of: 



WO 02/082689 PCT/US02/10599 
37 

selecting encoding and modulation schemes for each data stream 
in response to the selected data rate; and 

transmitting multiple data streams using the selected encoding 
and modulation schemes for each data stream. 
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METHOD AND APPARATUS FOR CANCELING PILOT INTERFERENCE 
IN A WIRELESS COMMUNICATION SYSTEM 

[0001] This application claims the benefit of provisional U.S. Application 

Serial No. 60/296,259, entitled "METHOD AND APPARATUS FOR 
CANCELLATION OF MULTIPLE PILOT SIGNALS," filed June 6, 2001, which is 
incorporated herein by reference in its entirety for all purposes. 

BACKGROUND 

Field 

[0002] The present invention relates generally to data communication, and 

more specifically to techniques for canceling interference due to pilots in a wireless 
(e.g., CDMA) communication system. 

Background 

[0003] Wireless communication systems are widely deployed to provide 

various types of communication such as voice, packet data, and so on. These systems 
may be based on code division multiple access (CDMA), time division multiple 
access (TDMA), or some other multiple access technique. CDMA systems may 
provide certain advantages over other types of systems, including increased system 
capacity. A CDMA system is typically designed to implement one or more standards, 
such as IS-95, cdma2000, IS-856, W-CDMA, and TS-CDMA standards, all of which 
are known in the art. 

[0004] In some wireless (e.g., CDMA) communication systems, a pilot may 

be transmitted from a transmitter unit (e.g., a terminal) to a receiver unit (e.g., a base 
station) to assist the receiver unit perform a number of functions. For example, the 
pilot may be used at the receiver unit for synchronization with the timing and 
frequency of the transmitter unit, estimation of the channel response and the quality 
of the communication channel, coherent demodulation of data transmission, and so 
on. The pilot is typically generated based on a known data pattern (e.g., a sequence 
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of all zeros) and using a known signal processing scheme (e.g., channelized with a 
particular channelization code and spread with a known spreading sequence). 

[00053 On th e reverse link in a cdma2000 system, the spreading sequence for 

each terminal is generated based on (1) a complex pseudo-random noise (PN) 
sequence common to all terminals and (2) a scrambling sequence specific to the 
terminal. In this way, the pilots from different terminals may be identified by their 
different spreading sequences. On the forward link in cdma2000 and IS-95 systems, 
each base station is assigned a specific offset of the PN sequence. In this way, the 
pilots from different base stations may be identified by their different assigned PN 
offsets. 

[0006] At the receiver unit, a rake receiver is often used to recover the 

transmitted pilot, signaling, and traffic data from all transmitter units that have 
established communication with the receiver unit. A signal transmitted from a 
particular transmitter unit may be received at the receiver unit via multiple signal 
paths, and each received signal instance (or multipath) of sufficient strength may be 
individually demodulated by the rake receiver. Each such multipath is processed in a 
manner complementary to that performed at the transmitter unit to recover the data 
and pilot received via this multipath. The recovered pilot has an amplitude and phase 
determined by, and indicative of, the channel response for the multipath. The pilot is 
typically used for coherent demodulation of various types of data transmitted along 
with the pilot, which are similarly distorted by the channel response. For each 
transmitter unit, the pilots for a number of multipaths for the transmitter unit are also 
used to combine demodulated symbols derived from these multipaths to obtain 
combined symbols having improved quality. 

[0007] On the reverse link, the pilot from each transmitting terminal acts as 

interference to the signals from all other terminals. For each terminal, the aggregate 
interference due to the pilots transmitted by all other terminals may be a large 
percentage of the total interference experienced by this terminal. This pilot 
interference can degrade performance (e.g., a higher packet error rate) and further 
reduce the reverse link capacity. 
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[0008] There is therefore a need for techniques to cancel interference due to 

pilots in a wireless (e.g., CDMA) communication system. 

SUMMARY 

[0009] Aspects of the present invention provide techniques for estimating and 

canceling pilot interference in a wireless (e.g., CDMA) communication system. A 
received signal typically includes a number of signal instances (i.e., multipaths). For 
each multipaih to be demodulated (i.e., each desired multipath), the pilots in all 
multipaths are interference to the data in the desired multipath. If the pilot is 
generated based on a known data pattern (e.g., a sequence of all zeros) and 
channelized with a known channelization code (e.g., a Walsh code of zero), then the 
pilot in an interfering multipath may be estimated as simply a spreading sequence 
with a phase corresponding to the arrival time of that multipath at the receiver unit. 
The pilot interference from each interfering multipath may be estimated based on the 
spreading sequence and an estimate of the channel response of that multipath (which 
may be estimated based on the pilot). The total pilot interference due to a number of 
interfering multipaths may be derived and subtracted from the received signal to 
provide a pilot-canceled signal having the pilot interference removed. 

[0010] hi one specific embodiment, a method for canceling pilot interference 

at a receiver unit (e.g., a base station) in a wireJess (e.g., cdma2000) communication 
system is provided. In accordance with the method, a received signal comprised of a 
number of signal instances, each of which includes a pilot, is initially processed to 
provide data samples. The data samples are then processed to derive an estimate of 
the pilot interference due to each of one or more (interfering) signal instances, and the 
pilot interference estimates are further combined to derive the total pilot interference. 
The total pilot interference is then subtracted from the data samples to provide pilot- 
canceled data samples, which are further processed to derive demodulated data for 
each of at least one (desired) signal instance in the received signal. 

[0011] The pilot interference due to each interfering signal instance may be 

estimated by (1) despread the data samples with a spreading sequence for the signal 
instance, (2) channelizing the despread samples with a pilot channelization code to 
provide pilot symbols, (3) filtering the pilot symbols to provide an estimated channel 
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response of the signal instance, and (4) multiplying the spreading sequence for the 
signal instance with the estimated channel response to provide the estimated pilot 
interference. The data demodulation for each desired multipath may be performed by 
(1) despreading the pilot-canceled data samples with the spreading sequence for the 
signal instance, (2) channelizing the despread samples with a data channelization 
code to provide data symbols, and (3) demodulating the data symbols to provide the 
demodulated data for the signal instance. For improved performance, the pilot 
estimation and cancellation may be performed at a sample rate that is higher than the 
PN chip rate. 

[0012] Various aspects, embodiments, and features of the invention are 

described in further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when taken in 
conjunction with the drawings in which like reference characters identify 
correspondingly throughout and wherein: 

[0014] FIG. 1 is a diagram of a wireless communication system; 

[0015] FIG. 2 is a simplified block diagram of an embodiment of a base 

station and a terminal; 

[0016] FIG. 3 is a block diagram of an embodiment of a modulator for the 

reverse link in cdma2000; 

[0017] FIG. 4 is a block diagram of an embodiment of a rake receiver; 

[0018] FIG. 5 is a block diagram of a specific embodiment of a finger 

processor within the rake receiver, which is capable of estimating and canceling pilot 
interference in addition to performing data demodulation; 

[0019] FIGS. 6A and 6B are diagrams that graphically illustrate the 

processing of the data samples to derive estimates of pilot interference, in accordance 
with a specific implementation of the invention; 
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[0020] FIG. 7 is a flow diagram of an embodiment of a process to derive the 

total pilot interference for a number of multipaths; and 

[0021] FIG. 8 is a flow diagram of an embodiment of a process to data 

demodulate a number of multipaths with pilot interference cancellation. 

DETAILED DESCRIPTION 

[0022] FIG. 1 is a diagram of a wireless communication system 100 that 

supports a number of users and wherein various aspects and embodiments of the 
invention may be implemented. System 100 provides communication for a number 
of cells, with each cell being serviced by a corresponding base station 104. A base 
station is also commonly referred to as a base-station transceiver system (BTS), an 
access point, or a Node B. Various terminals 106 are dispersed throughout the 
system. Each terminal 106 may communicate with one or more base stations 104 on 
the forward and reverse links at any given moment, depending on whether or not the 
terminal is active and whether or not it is in soft handoff. The forward link (i.e., 
downlink) refers to transmission from the base station to the terminal, and the reverse 
link (i.e., uplink) refers to transmission from the terminal to the base station. 

[0023] A signal transmitted from a terminal may reach a base station via one 

or multiple signal paths. These signal paths may include a straight path (e.g., signal 
path 110a) and reflected paths (e.g., signal path 110b). A reflected path is created 
when the transmitted signal is reflected off a reflection source and arrives at the base 
station via a different path than the line-of-sight path. The reflection sources are 
typically artifacts in the environment in which the terminal is operating (e.g., 
buildings, trees, or some other structures). The signal received by each antenna at the 
base station may thus comprise a number of signal instances (or multipaths) from one 
or more terminals. 

[0024] In system 100, a system controller 102 (which is also often referred to 

as a base station controller (BSC)) couples to base stations 104, provides coordination 
and control for the base stations coupled to it, and further controls the routing of calls 
to terminals 106 via the coupled base stations. System controller 102 may further 
couple to a public switched telephone network (PSTN) via a mobile switching center 
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(MSC), and to a packet data network via a packet data serving node (PDSN), which 
are not shown in FIG. 1. System 100 may be designed to support one or more 
CDMA standards such as cdma2000, IS-95, IS-856, W-CDMA, TS-CDMA, some 
other CDMA standards, or a combination thereof. These CDMA standards are 
known in the art and incorporated herein by reference. 

[0025] Various aspects and embodiments of the invention may be applied for 

the forward and reverse links in various wireless communication systems. For clarity, 
the pilot interference cancellation techniques are specifically described for the reverse 
link in a cdma2000 system. 

[0026] FIG. 2 is a simplified block diagram of an embodiment of base station 

104 and terminal 106. On the reverse link, at terminal 106, a transmit (TX) data 
processor 214 receives various types of "traffic" such as user-specific data from a 
data source 212, messages, and so on. TX data processor 214 then formats and codes 
the different types of traffic based on one or more coding schemes to provide coded 
data. Each coding scheme may include any combination of cyclic redundancy check 
(CRC), convolutional, Turbo, block, and other coding, or no coding at all. 
Interleaving is commonly applied when error correcting codes are used to combat 
fading. Other coding scheme may include automatic repeat request (ARQ), hybrid 
ARQ, and incremental redundancy repeat. Typically, different types of traffic are 
coded using different coding schemes. A modulator (MOD) 216 then receives pilot 
data and the coded data from TX data processor 214, and further processes the 
received data to generate modulated data. 

[0027] FIG. 3 is a block diagram of an embodiment of a modulator 216a, 

which may be used for modulator 216 in FIG. 2. For the reverse link in cdma2000, 
the processing by modulator 216a includes covering the data for each of a number of 
code channels (e.g., traffic, sync, paging, and pilot channels) with a respective Walsh 
code, C c ixx, by a multiplier 312 to channelize the user-specific data (packet data), 
messages (control data), and pilot data onto their respective code channels. The 
channelized data for each code channel may be scaled with a respective gain, G„ by a 
unit 314 to control the relative transmit power of the code channels. The scaled data 
for all code channels for the inphase (I) path is then summed by a summer 316a to 
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provide I-channel data, and the scaled data for all code channels for the quadrature 
(Q) path is summed by a summer 316b to provide Q-channel data. 

[0028] FIG. 3 also shows an embodiment of a spreading sequence generator 

320 for the reverse link in cdma2000. Within generator 320, a long code generator 
322 receives a long code mask assigned to the terminal and generates a long pseudo- 
random noise (PN) sequence with a phase determined by the long code mask. The 
long PN sequence is then multiplied with an I-channel PN sequence by a multiplier 
326a to generate an I spreading sequence. The long PN sequence is also delayed by a 
delay element 324, multiplied with a Q-channel PN sequence by a multiplier 326b, 
decimated by a factor of two by element 328, and covered with a Walsh code (G - +- 
) and further spread with the I spreading sequence by a multiplier 330 to generate a Q 
spreading sequence. The I-channel and Q-channel PN sequences form the complex 
short PN sequence used by all terminals. The I and Q spreading sequences form the 
complex spreading sequence, St, that is specific to the terminal. 

[0029] Witinn modulator 216a, the I-channel data and the Q-channel data 

(D C hi + /DchQ) are spread with the I and Q spreading sequences (Ski + /Sto.), via a 
complex multiply operation performed by a multiplier 340, to generate I spread data 
and Q spread data (D spt + /D sp q). The complex despreading operation may be 
expressed as: 

[0030] D * + JD " =^ D -HS H + A Q ), 

= (PA - D^) + j(I> c Aq + D chQ SJ . 

(1) 

[0031] The I and Q spread data comprises the modulated data provided by 

modulator 216a. 

[0032] The modulated data is then provided to a transmitter (TMTR) 218a 

and conditioned. Transmitter 218a is an embodiment of transmitter 218 in FIG. 2. 
The signal conditioning includes filtering the 1 and Q spread data with filters 352a 
and 352b, respectively, and upconverting the filtered I and Q data with cos(w c ?) and 
sin(w c f), respectively, by multipliers 354a and 354b. The I and Q components from 
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multipliers 354a and 354b are then summed by a summer 356 and further amplified 
with a gain, G 0 , by a multiplier 358 to generate a reverse link modulated signal. 

[0033] Referring back to FIG. 2, the reverse link modulated signal is then 

transmitted via an antenna 220 and over a wireless communication link to one or 
more base stations. 

[0034] At base station 104, the reverse link modulated signals from a number 

of terminals are received by each of one or more antennas 250. Multiple antennas 
250 may be used to provide spatial diversity against deleterious path effect such as 
fading. As an example, for a base station that supports three sectors, two antennas 
may be used for each sector and the base station may then include six antennas. Any 
number of antennas may thus be employed at the base station. 

[0035] Each received signal is provided to a respective receiver (RCVR) 252, 

which conditions (e.g., filters, amplifies, downconverts) and digitizes the received 
signal to provide data samples for that received signal. Each receive signal may 
include one or more signal instances (i.e., multipaths) for each of a number of 
terminals. 

[0036] A demodulator (DEMOD) 254 then receives and processes the data 

samples for all received signals to provide recovered symbols. For cdma2000, the 
processing by demodulator 254 to recover a data transmission from a particular 
terminal includes (1) despreading the data samples with the same spreading sequence 
used to spread the data at the terminal, (2) channelizing the despread samples to 
isolate or channelize the received data and pilot onto their respective code channels, 
and (3) coherently demodulating the channelized data with a recovered pilot to 
provide demodulated data. Demodulator 254 may implement a rake receiver that can 
process multiple signal instances for each of a number of terminals, as described 
below. 

[0037] A receive (RX) data processor 256 then receives and decodes the 

demodulated data for each terminal to recover the user-specific data and messages 
transmitted by the terminal on the reverse link. The processing by demodulator 254 
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and RX data processor 256 is complementary to that performed by modulator 214 and 
TX data processor 212, respectively, at the terminal. 



which is capable of receiving and demodulating the reverse link modulated signals 
from a number of terminals 106. Rake receiver 254a includes one or more (L) sample 
buffers 40S, one or more- (M) finger processors 410, a searcher 412, and a symbol 
combiner 420. The embodiment in FIG. 4 shows all finger processor 410 coupled to 
the same symbol combiner 420. 

[0039] Due to the multipath environment, the reverse link modulated signal 

transmitted from each terminal 106 may arrive at base station 104 via a number of 
signal paths (as shown in FIG. 1), and the received signal for each base station 
antenna typically comprises a combination of different instances of the reverse link 
modulated signal from each of a number of terminals. Each signal instance (or 
multipath) in a received signal is typically associated with a particular magnitude, 
phase, and arrival time (i.e., a time delay or time offset relative to CDMA system 
time). If the difference between the arrival times of the multipaths is more than one 
PN chip at the base station, then each received signal, y t (t), at the input to a 
respective receiver 252 may be expressed as: 



[0038] 



FIG. 4 is a block diagram of an embodiment of a rake receiver 254a, 



[0040] 



Eq 



(2) 



[0041] 



where 



[0042] 



x } (t) is the j-th reverse link modulated signal transmitted by thej'-th 



terminal; 



[0043] t i j t is the arrival time, at the l-Xh antenna, of the i-th multipath relative 

to the time the j-th reverse link modulated signal, x } (f) , is transmitted; 



[0044] p. f l (t) represents the channel gain and phase for the i-th multipath for 

the j-th terminal at the i-th antenna, and is a function of the fading process; 
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[0O45J 2 ' s ^ e summation for all reverse link modulated signals in the 1-th 

J 

received signal; 

[0046] * s tne summation for all multipaths of each reverse link modulated 

signal in the 1-th received signal; and 

[0047] n(t) represents the real-valued channel noise at RF plus internal 

receiver noise. 

[0048] Each receiver 252 amplifies and frequency downconverts a respective 

received signal, y,(t) , and further filters the signal with a received filter that is 
typically matched to the transmit filter (e.g., filter 352) used at the terminal to provide 
a conditioned signal. Each receiver unit 252 then digitizes the conditioned signal to 
provide a respective stream of data samples, which is then provided to a respective 
sample buffer 408. 

[0049] Each sample buffer 408 stores the received data samples and further 

provides the proper data samples to the appropriate processing units (e.g., finger 
processors 410 and/or searcher 412) at the appropriate time. In one design, each 
buffer 408 provides the data samples to a respective set of finger processors assigned 
to process the multipaths in the received signal associated with the buffer. In another 
design, a number of buffers 408 provide data samples (e.g., in a time division 
multiplexed manner) to a particular finger processor that has the capability to process 
a number of multipaths in a time division multiplexed manner. Sample buffers 408a 
through 408Z may also be implemented as a single buffer of the appropriate size and 
speed. 

[0050] Searcher 412 is used to search for strong multipaths in the received 

signals and to provide an indication of the strength and timing of each found 
multipath that meets a set of criteria. The search for multipaths of a particular 
terminal is typically performed by correlating the data samples for each received 
signal with the terminal's spreading sequence, locally generated at various chip or 
sub-chip offsets (or phases). Due to the pseudo-random nature of the spreading 
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sequence, the correlation of the data samples with the spreading sequence should be 
low, except when the phase of the locally-generated spreading sequence is time- 
aligned with that of a inultipath, in which case the correlation results in a high value. 

[0051] For each reverse link modulated signal, ^(0, searcher 412 may 

provide a set of one or more time offsets, t u hl , for a set of one or more multipaths 
found for that reverse link modulated signal (possibly along with the signal strength 
of each found multipath). The time offsets, t ujl , provided by searcher 412 are 
relative to the base station timing or CDMA system time, and are related to the time 
offsets, t ujJ , shown in equation (2) which are relative the time of signal transmission. 

[0052] Searcher 412 may be designed with one or multiple searcher units, 

each of which may be designed to search for multipaths over a respective search 
window. Each search window includes a range of spreading sequence phases to be 
searched. The searcher units may be operated in parallel to speed up the search 
operation. Additionally or alternatively, searcher 412 may be operated at a high clock 
rate to speed up the search operation. Searcher and searching are described in further 
detail in U.S. Patent Nos. 5,805,648, 5,781,543, 5,764,687, and 5,644,591, all of 
which are incorporated herein by reference. 

[0053] Each finger processor 410 may then be assigned to process a 

respective set of one or more multipaths of interest (e.g., multipaths of sufficient 
strength, as determined by controller 260 based on the signal strength information 
provided by searcher 412). Each finger processor 410 then receives, for each 
assigned multipath, the following: (1) the data samples for the received signal that 
includes the assigned multipath, (2) either the time offset, t UJ , of the assigned 
multipath or a spreading sequence, S UJ , with a phase corresponding to the time 
offset, t UJ (which may be generated by a spreading sequence generator 414), and (3). 
the channelization code (e.g., the Walsh code) for the code channel to be recovered. 
Each finger processor 410 then processes the received data samples and provides 
demodulated data for each assigned multipath. The processing by finger processor 
410 is described in further detail below. 
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[0054] Symbol combiner 420 receives and combines the demodulated data 

(i.e., the demodulated symbols) for each terminal. In particular, symbol combiner 
420 receives the demodulated symbols for all assigned multipaths for each terminal 
and, depending on the design of the finger processors, may time-align (or deskew) the 
symbols to account for differences in the time offsets for the assigned multipaths. 
Symbol combiner 420 then combines the time-aligned demodulated symbols for each 
terminal to provide recovered symbols for the terminal. Multiple symbol combiners 
may be provided to concurrently combine symbols for multiple terminals. The 
recovered symbols for each terminal are then provided to RX data processor 256 and 
decoded. 

[0055] The processing of the multipaths may be performed based on various 

demodulator designs. In a first demodulator design, one finger processor is assigned 
to process a number of multipaths in a received signal. For this design, the data 
samples from the sample buffer may be processed in "segments" covering a particular 
time duration (i.e., a particular number of PN chips) and starting at some defined time 
boundaries. In a second demodulator design, multiple finger processors are assigned 
to process multiple multipaths in the received signal. Various aspects and 
embodiments of the invention are described for the first demodulator design. 

[0056] The pilot interference cancellation may also be performed based on 

various schemes. In a first pilot interference cancellation scheme that is based on the 
first demodulator design, the channel response of a particular multipath is estimated 
based on a segment of data samples, and the estimated channel response is then used 
to derive an estimate of the pilot interference due to this multipath for the same 
segment. This scheme may provide improved pilot interference cancellation. 
However, this scheme also introduces additional processing delays in the data 
demodulation for the multipath since the segment of data samples is first processed to 
estimate and cancel the pilot interference before the data demodulation can proceed 
on the same segment. 

[0057] In a second pilot interference cancellation scheme that is also based on 

the first demodulator design, the channel response of a particular multipath is 
estimated based on a segment of data samples, and the estimated channel response is 
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then used to derive an estimate of the pilot interference due to this multipath for the 
next segment. This scheme may be used to reduce (or possibly eliminate) the 
additional processing delays in the data demodulation resulting from the pilot 
interference estimation and cancellation. However, since the link conditions may 
continually change over time, the time delay between the current and next segments 
should be kept sufficiently short such that the channel response estimate for the 
current segment is still accurate in the next segment. For clarity, the pilot interference 
estimation and cancellation are described below for the second scheme. 

[0058] FIG. 5 is a block diagram of a specific embodiment of a finger 

processor 410x, which is capable of estimating and canceling pilot interference in 
addition to performing the data demodulation. Finger processor 41 Ox may be used 
for each finger processor 410 in rake receiver 254a shown in FIG. 4. In the following 
description, FIG. 5 shows the processing elements and FIGS. 6 A and 6B graphically 
show the timing for the pilot interference estimation and cancellation. 

[0059] Finger processor 410x is assigned to demodulate one or more 

"desired" multiparas in a particular received signal. Sample buffer 408x stores data 
samples for the received signal that includes the multiparas assigned to finger 
processor 41 Ox. Buffer 408x then provides the appropriate data samples (in 
segments) to the finger processor when and as they are needed. In the embodiment 
shown in FIG. 5, finger processor 410x includes a resampler 522, a pilot estimator 
520 (or channel estimator), a summer 542, a data demodulation unit 550, and a pilot 
interference estimator 530. 

[0060J For each desired multipath to be demodulated by finger processor 

410x, the data in all other multipaths and the pilots in all multiparas in the same 
received signal act as interference to this multipath. Since the pilot is generated based 
on a known data pattern (e.g., typically a sequence of all zeros) and processed in a 
known manner, the pilots in the "interfering" multipaths may be estimated and 
removed from the desired multipath to improve the signal quality of the data 
component in the desired multipath. Finger processor 410x is capable of estimating 
and canceling the pilot interference due to a number of multipaths found in the 
received signal, including the pilot of the desired multipath, as described below. 
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[0061] In an embodiment, the pilot interference estimation and cancellation 

and the data demodulation are performed in "bursts". For each burst (i.e., each 
processing cycle), a segment of data samples for a particular number PN chips are 
processed to estimate the pilot interference due to a particular multipath. In a specific 
embodiment, each segment comprises data samples for one symbol period, which 
may be 64 PN chips for cdma2000. However, other segment sizes may also be used 
(e.g., for data symbols of other durations), and this is within the scope of the 
invention. As described below, the data demodulation may be performed in parallel 
and in a pipelined manner with the pilot interference estimation to increase processing 
throughput and possibly reduce the overall processing time. 

[0062] To derive an estimate of the pilot interference due to the w-th 

multipath (where m = (i, j, I) and is the notation for the z'-th multipath for the j-th 
reverse link modulated signal found in the l-th received signal), a segment of data 
samples is initially provided from buffer 408x to a resampler 522 within finger 
processor 410x. Resampler 522 may then perform decimation, interpolation, or a 
combination thereof, to provide decimated data samples at the chip rate and with the 
proper "fine-grain" timing phase. 

[0063] FIG. 6A graphically illustrates an embodiment of the resampling 

performed by resampler 522. The received signal is typically oversampled at a 
sample rate that is multiple (e.g., 2, 4, or 8) times the chip rate to provide higher time 
resolution. The data samples are stored to sample buffer 408x, which thereafter 
provides a segment of (e.g., 512) data samples for each processing cycle. Resampler 
522 then "resamples" the data samples received from buffer 408x to provide samples 
at the chip rate and with the proper timing phase. 

[0064] As shown in FIG. 6A, if the received signal is sufficiently 

oversampled (e.g., at S times the chip rate), then the resampling for the m-multipath 
may be performed by providing every, e.g., 8-th data sample received from the buffer, 
with the selected data samples being the ones most closely aligned to the timing of 
the peak of the m-th multipath. The 771-th multipath is typically a multipath assigned 
for data demodulation, and the multipath's time offset, t m , may be determined and 
provided by searcher 412. However, pilot interference due to multipaths that are not 
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assigned for data demodulation may also be estimated and canceled, so long as the 
time offset of each such multipath is known. Each multipath's time offset, t ni , may 
be viewed as comprising an integer number of symbol periods and a fractional 
portion of a symbol period (i.e., t m = t mm + t fiac ni ) relative to the base station timing 
or CDMA system time, where a symbol period is determined by the length of the 
channelization code (e.g., 64 PN chips for cdma2000). The fractional part of the time 
offset, t fmc m , may be used to select the particular segment of data samples to provide 
to resampler 522 and for decimation. In the example shown in FIG. 6A, the fractional 
part of the time offset for the m-th multipath is r /rac m = 5, data sample segment 622 is 
provided by buffer 408x, and the decimated data samples provided by resampler 522 
are represented by the shaded boxes. 

[0065] For some other receiver design in which the received signal is not 

sufficiently oversampled, then interpolation may alternatively or additionally be 
performed along with decimation to derive new samples at the proper timing phase, 
as is known in the art. 

[0066] Within pilot estimator 520, a despreader 524 receives the decimated 

data samples and a (complex-conjugate) spreading sequence, S m * {k) , having a phase 
corresponding to the time offset, t m , of the m-\h multipath whose pilot interference is 
to be estimated. The spreading sequence, S*{k), may be provided by spreading 
sequence generator 414. For the reverse link in cdma2000, the spreading sequence, 
S m *(k), may be generated as shown for spreading sequence generator 320 in FIG. 3. 
And as shown in FIG. 6A, a segment of the spreading sequence, S m '(k) , of the same 
length and with the same timing phase as the data sample segment is used for the 
despreading (i.e., the spreading sequence, S m *(k) is time-aligned with the decimated 
data samples). 

[0067] Despreader 524 (which may be implemented as a complex multiplier 

such as multiplier 340 shown in FIG. 3) despreads the decimated data samples with 
the spreading sequence, S m *(k) , and provides despread samples. A pilot channelizer 



PCT/US02/18133 



526 then multiplies the despread samples with the channelization code, C pUoUm , used 
for the pilot at the terminal (e.g., a Walsh code of zero for cdma2000). The 
decovered pilot samples are then accumulated over a particular accumulation time 
interval to provide pilot symbols. The accumulation time interval is typically an 
integer multiple of the pilot channelization code length. If the pilot data is covered 
with a channelization code of zero (as in cdma2000), then the multiplication with the 
channelization code, C^ lDl ffl , may be omitted and pilot channelizer 526 simply 
performs the accumulation of the despread samples from despreader 524. In a 
specific embodiment, one pilot symbol is provided for each segment, which has a size 
of one symbol period. 

[0068] The pilot symbols from pilot channelizer 526 are then provided to a 

pilot filter 528 and filtered based on a particular lowpass filter response to remove 
noise. Pilot filter 528 may be implemented as a finite impulse response filter (FIR), 
an infinite impulse response (ITR) filter, or some other filter structure. Pilot filter 528 
provides pilot estimates, P m (k) , which are indicative of the channel response (i.e., the 
gain and phase, a m • e j0n ) of the m-th multipath. Each pilot estimate, P m (k) , is thus a 
complex value. The pilot estimates are provided at sufficient rate such that non- 
insignificant changes in the channel response of the multipath are captured and 
reported. In a specific embodiment, one pilot estimate is provided for each segment, 
which has a size of one symbol. 

[0069] Pilot interference estimator 530 then estimates the pilot interference 

due to the m-th multipath for the next segment. To estimate the pilot interference, the 
pilot data and the pilot channelization code, C piloljn , for the m-th multipath are 
provided to a pilot channelizer 532, which channelizes the pilot data with the pilot 
channelization code to provide channelized pilot data. A spreader 534 then receives 
and spreads the channelized pilot data with a spreading sequence, S m (k + N) , to 
generate spread pilot data (i.e., processed pilot data). The spreading sequence, 
S m (k + N) , has a phase corresponding to the time offset, t m , of the m-th interfering 
multipath and is further advanced by N PN chips for the next segment, as shown in 
FIG. 6A. If the pilot data is a sequence of all zeros and the pilot channelization code 
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is also a sequence of all zeros (as in cdma2000), then pilot channelizer 532 and 
spreader 534 may be omitted and the spread pilot data is simply the spreading 
sequence, S m (/c + N). 

[0070] A multiplier 536 then receives and multiplies the spread pilot data with 

the pilot estimates, P m (k) , from pilot filter 528 to provide an estimate of the pilot 
interference, l pUot m (k + N) , due to the m-th multipath for the next segment. Since the 
pilot estimates, P m {k), are derived from the current segment and used to derive the 
estimated pilot interference for the next segment, prediction techniques may be used 
to derive pilot predictions for the next segment based on the pilot estimates. These 
pilot predictions may then be used to derive the estimated pilot interference for the 
next segment. 

[0071] In an embodiment, multiplier 536 provides the estimated pilot 

interference due to the m-ih multipath at the sample rate (e.g., Sx the chip rate) and 
with the timing phase of the m-th multipath. This allows the estimated pilot 
interferences for all multipaths (which have different time offsets that are typically 
not all aligned to the FN chip timing boundaries) to be accumulated at a higher time 
resolution. The estimated pilot interference, / pto , m (£ + N), for the m-th multipath, 
which includes the same number of interference samples as for the data sample 
segment, is then provided to an interference accumulator 538. As shown in FIG. 6A, 
the interference samples for the »2-th multipath are stored (or accumulated with the 
interference samples already stored) at locations in the accumulator determined by the 
fractional part of the multipath's time offset. 

[0072] To derive the total pilot interference for all multipaths in a given 

received signal, the processing described above may be iterated a number of times, 
one iteration or processing cycle for each interfering multipath for which the pilot 
interference is to be estimated and canceled from a desired multipath. The pilot 
interference cancellation is typically performed for the multipaths received via the 
same antenna, not cross antennas, because the channel estimate from one antenna is 
typically not good for another antenna. If the same finger processor hardware is used 
for multiple iterations, then the processing may be performed in bursts, with each 
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burst being performed on a respective segment of data samples determined by the 
multipath's fractional time offset. 

[0073] Prior to the first iteration, accumulator 538 is cleared or reset. For 

each iteration, the estimated pilot interference, I pjhi m , due to the current multipath is 
accumulated with the accumulated pilot interference for all prior-processed 
multipaths. However, as shown in FIG. 6A, the estimated pilot interference, I piht , m , 
is accumulated with samples in a specific section of accumulator 538, which is 
determined by the current multipadi's time offset. After all interfering multipaths 
have been processed, the accumulated pilot interference in accumulator 538 
comprises the total pilot interference, I p! , ot , due to all processed multipaths. 

[0074] FIG. 6A also shows an embodiment of accumulator 538. While finger 

processor 41 Ox performs data demodulation for the m-th multipath for the current 
segment (using the total pilot interference, I pilol (k) , derived earlier and stored in one 
section of accumulator 538), the pilot interference due to the m-th multipath, 
I pltgl m (k + N) , for the next segment may be estimated and accumulated in another 
section of the accumulator. 

[0075] The pilot for the m-th multipath is interference to all multipaths in the 

received signal, including the m-th multipath itself. For a demodulator design in 
which the multiple finger processors are assigned to process a number of multipaths 
in a received signal for a given terminal, the estimated pilot interference, l p(lot>m , due 
to the m-th multipath may be provided to other finger processors assigned to process 
other multipaths in the same received signal. 

[0076] For the demodulation to recover the data on the m-th multipath, the 

data samples for a segment are provided from buffer 408x to resampler 522. 
Resampler 522 then resamples the received data samples to provide decimated data 
samples at the chip rate and with the proper timing phase for this multipath. The 
decimated data samples are processed as described above to provide the pilot 
estimates, P m (k) . 
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[0077] Correspondingly, interference samples for the total pilot interference, 

I pnt» (*) ' f° r tne same se S ment are provided from accumulator 538 to a resampler 
540. Resampler 540 similarly resamples the received interference samples to provide 
decimated interference samples at the chip rate and with the proper timing phase for 
the m-th multipath. Summer 542 then receives and subtracts the decimated 
interference samples from the decimated data samples to provide pilot-canceled data 
samples. 

[0078] Within data demodulation unit 550, a despreader 544 receives and 

despreads the pilot-canceled data samples with a (complex-conjugate) spreading 
sequence, S m * (k) , to provide despread samples. The spreading sequence, S m *(k), 
has a phase corresponding to the time offset, t m , of the m-Xh multipath. A data 
channelizer 546 then multiplies the despread samples with the channelization code, 
C chm , used for the code channel being recovered by the finger processor. The 
channelized data samples are then accumulated over the length of the channelization 
code, C chM , to provide data symbols. 

[0079] A data demodulator 548 then receives and demodulates the data 

symbols with the pilot estimates, P n! (k) , to provide demodulated symbols (i.e., 
demodulated data) for the m-th multipath, which are then provided to symbol 
combiner 420. The data demodulation and symbol combining may be achieved as 
described in the aforementioned U.S Patent No. 5,764,687 patent. The '687 patent 
describes BPSK data demodulation for IS-95 by performing dot product between the 
despread data and the filtered pilot. The demodulation of QPSK modulation, which is 
used in cdma2000 and W-CDMA, is a straight-forward extension of the techniques 
described in the '687 patent. That is, instead of dot product, both dot product and 
cross-product are used to recover the inphase and quadrature streams. 

[0080] As noted above, the data demodulation for the m-th multipath may be 

performed in parallel and in a pipelined manner with the pilot interference estimation. 
While despreader 544 and data channelizer 546 are processing the pilot-canceled data 
samples for the current segment (with the spreading sequence, Sj(k), and the 
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channelization code, C rfim ) to provide the data symbols for the m-th multipath, 
despreader 524 and pilot channelizer 526 may process the same data samples for the 
current segment (with the spreading sequence, S m *(k), and the pilot channelization 
code, C vilohm ) to provide the pilot symbols for this multipath. The pilot symbols are 
filtered by pilot filter 528 to provide pilot estimates, P m {k) , for the multipath. Pilot 
interference estimator 530 then derives the estimated pilot interference, 
^pa«^(^ + N), due to this multipath for the following segment, as described above. 
In this manner, while data demodulation is performed on the current segment using 
the total pilot interference, I^ik) , derived from a prior segment, pilot interference 
for the next segment is estimated and stored to another section of the accumulator, to 
be used for the next segment. 

[0081] In an embodiment, the pilot for a particular multipath being 

demodulated is estimated based on the "raw" received data samples (from sample 
buffer 40Sx) as described above, and not based on the pilot-canceled data samples 
(from accumulator 538). In another embodiment, the pilot may be estimated based on 
the pilot-canceled data samples if the total pilot interference includes some or all of 
the interfering pilots except for the pilot of the multipath being demodulated (i.e., the 
pilot of the multipath being demodulated is included in the pilot-canceled data 
samples). This alternative embodiment may provide an improved estimate of the 
channel response of the multipath being demodulated, and is especially advantageous 
for the reverse link where the pilot estimation is typically the limiting factor in 
dealing with a weak multipath. The same "other pilots canceled" data samples that is 
used for pilot estimation may also be processed to recover the data for the multipath, 
which is advantageous for a finger processor architecture that performs both pilot 
estimation and data demodulation in parallel on the same data sample stream. The 
same concept may be used to estimate the channel response of a particular interfering 
multipath (i.e., the estimated channel response may be based on either the raw data 
samples or the "other pilots canceled" data samples having interfering pilots except 
for the pilot of that particular multipath removed). 
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[0082] FIGS. 6A and 6B are diagrams that illustrate the processing of the data 

samples to derive estimates of pilot interference, in accordance with a specific 
implementation of the invention. In the example shown in FIGS. 6 A and 6B, the 
received signal includes three multipaths that are associated with time offsets of t x , 
t 2 , and t 3 . The received signal is digitized at a sample rate that is 8 times the chip 
rate to provide data samples, which are stored to the sample buffer. These multipaths 
may or may not be sampled at their peaks. 

[0083] In the example shown in FIGS. 6 A and 6B, each segment included 512 

data samples for a symbol period of 64 PN chips. The pilot interference is estimated 
for each of the three multipaths and for each symbol period. The symbol timing for 
each multipath is determined by the multipath's fractional time offset. If the 
fractional time offsets of the multipaths are not the same, which is generally true, then 
the symbol timing for these multipaths will be different and will be associated with 
different data sample segments. In an embodiment, the multipaths are processed in 
an order based on their fractional time offsets, with the multipath having the smallest 
fractional time offset being processed first and the multipath having the largest 
fractional time offset being processed last. This processing order ensures that the 
total pilot interference is derived and available for each multipath when it is 
processed. 

[0084] In FIG. 6A, for the n-th symbol period for the m-th multipath with a 

fractional time offset of r /rac „, = 5 , resampler 522 receives data samples 5 through 
516 from the sample buffer and provides to despreader 524 data samples 5, 13, 20, 
and so on, and 509, which are represented by the shaded boxes. Conespondingly, 
despreader 524 receives the spreading sequence, S m *(k) , with a phase corresponding 
to the same time offset of t m , and despreads the decimated data samples with the 
spreading sequence. A pilot estimate, P m (fc) , is then derived based on the despread 
samples for this segment, as described above. 

[0085] To derive the estimated pilot interference due to the m-th multipath, 

spreader 534 receives the spreading sequence, S m (k + N) , corresponding to the next 
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segment. Multiplier 536 then multiplies the spreading sequence, S m (k + N), with the 
pilot estimate, P m (k) , derived from the current segment to provide the estimated pilot 
interference, (fc + N), for the next segment. The estimated pilot interference, 

(* + N), comprises interference samples 517 through 1028, which are 
accumulated with the samples at the same indices 517 through 1028 in the 
interference accumulator, as shown in FIG. 6. In this way, the fractional time offset 
of the rn-th multipath is accounted for in the derivation of the total pilot interference. 

[0086] For the data demodulation of the m-th multipath for the n-th symbol 

period, the same segment of interference samples 5 through 516 are provided from 
accumulator 538 to resampler 540. Resampler 540 then provides to summer 542 
interference samples 5, 13, 20, and so on, and 509 (which are also shown by the 
shaded boxes), corresponding to the same-indexed data samples provided by 
resampler 522. The data demodulation of the pilot-canceled data samples is then 
performed as described above. Each multipath may be processed in similar manner. 
However, since each multipath may be associated with a different time offset, 
different decimated data and interference samples may be operated on. 

[0087] FIG. 6B shows the three data sample segments, the decimated data 

samples, and the three spreading sequences used to derive the estimated pilot 
interferences due to the three multipaths. 

[0088] In another demodulator design, the pilot interference 

estimation/cancellation and the data demodulation may be performed in real-time 
(e.g., as data samples are received), if sufficient processing capabilities are provided. 
For example, M finger processors may be assigned to concurrently process M 
multipaths in a received signal. For each symbol period, each finger processor can 
derive a pilot estimate for that symbol period, which is then used to derive the 
estimated pilot interference due to that finger processor's assigned multipath for the 
next symbol period. A summer then sums the estimated pilot interferences from all 
M finger processors' (taken into account their respective time offsets), and the total 
pilot interference for the next symbol period is stored in the interference accumulator. 
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[0089] The total pilot interference may then be subtracted from the data 

samples as they are received for the next symbol period, and the same pilot-canceled 
data samples may be provided to all M finger processors for data demodulation. 
(These finger processors are also provided with the received data samples, without 
the pilot cancellation, which are used to derive the pilot estimates.) In this way, the 
data demodulation may be performed on pilot-canceled data samples in real time, and 
the sample buffer may possibly be eliminated. For the scheme in which the pilot 
estimate is used to derive the estimated pilot interference for the same segment (and 
not the next segment), the data samples may be temporarily stored (e.g., for one 
symbol period) while the total pilot interference is derived. 

[0090] , For the demodulator design in which the same data samples are 
processed multiple times (e.g., if one finger processor is assigned to process a number 
of multipaths), the sample buffer may be designed and operated in a manner to ensure 
that the data samples are not inadvertently dropped. In an embodiment, the sample 
buffer is designed to receive incoming data samples while providing stored data 
samples to the finger processor(s). This may be achieved by implementing the 
sample buffer in a manner such that stored data samples may be read from one part of 
the buffer while new data samples are written into another part of the buffer. The 
sample buffer may be implemented as a double buffer or multiple buffers, a multi- 
port buffer, a circular buffer, or some other buffer design. The interference 
accumulator may be implemented in similar manner as the sample buffer (e.g., as a 
circular buffer). 

[0091] For the above demodulator design, to avoid overwriting samples that 

are still being processed, the capacity of the sample buffer may be selected to be at 
least twice the time required to derive the total pilot interference for all M multipaths 
(with the relationship between time and buffer capacity being defined by the sample 
rate). If a different data sample segment may be used for each of the M multipaths, 
then the capacity of the sample buffer may be selected to be at least (2 - N ■ N ra ) for 
each received signal assigned to the sample buffer, where N is the duration of data 
samples used to derive the estimated pilot interference for one multipath and N 0J is 
the oversampling factor for the data samples (which is defined as the ratio of the 



